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@ Gene detection method. 

@ A single stranded nucleic add probe having a base sequence complementary to the gene to be 
detected is immobilized onto the surface of an electrode or the tip of an optical fiber, and the nucleic 
probe is reacted with the gene sample denatured to a single stranded fomi, and then the nucleic acid 
probe hybridized witti the gene Is detected. In this procedure, to the reaction system consisting of the 
nucleic add probe and the gene sample, a double stranded nucleic acid recognizing substance capable 
of binding specifically to the double stranded nucleic acid and being active electrochemically or 
optically is added. The detection of the nucleic add probe is conducted by electrochemical or optical 
detemnination utilizing the electrode or optical fiber mentioned above. By this method, safer and more 
convenient detection of the gene is possible at a higher sensitivity even in a reduced time period. 
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This invention relates to a novel gene det ction m thod to detect a certain gene specifically and a device 
for such detecti n. 

A genetic information stored in D^4A is xpressed as a protein or an nzym through mRIMA. By the effects 
of such protein or enzynn , vari us compounds necessary to maintain the vital acti ns are biosynth sized and 
5 metabolized. Thus a life is present as a dynamic equilibrium system of various substances controlled by genes. 
There are 50 to 100 thousands of human genes= When some of them Involve abnomriality or change, such 
as defect or duplication, the characteristics, types and anrtounts of the proteins synthesized are changed, result- 
ing in the poorly balanced biosystem, which may cause diseases. Thus, by detecting known pathogenic genes, 
the diseases may be identified or prevented. Such diagnosis based on the genes themselves has been 
10 developed as a results of the recently advancing technology of gene engineering, and is called as gene diag- 
nosis. 

When compared with conventional diagnostic methods, the gene diagnosis has characteristics as men- 
tioned below. 

Considering the mechanisms of gene expression, it can be presumed that changes in genes occur prior 

15 to almost all biochemical changes. Therefore, gene diagnosis by means of detecting the genetic change 
enables the diagnosis or prognosis prior to development of a disease which is one of phenotypes. Accordingly, 
the dlgnosis and prognosis can be conducted before the development, in the latent period or at the eariiest 
stage of the disease. This is the primary characteristic. As the secondary characteristic, gene diagnosis relating 
to the genetic diseases is independent from the organs or tissues to be analyzed since ail genes in a living 

20 body are the same. This Is partiojlariy important in the diagnosis in fetus. Thus, this secondary characteristic 
enables the diagnosis simply by sampling amniotic fluid from a pregnant woman and analyzing the fetal cells 
suspending in the amniotic fluid. 

Procedure of gene diagnosis conventionally employed is summarized as follows. 

Genes are extracted from a samples and deaved. If necessary, by appropriate restriction enzymes, and 

25 then subjected to electrophoresis and southern blotting. Then a nucleic acid probe (usually radiolabelled) hav- 
ing the base sequence complementary to the gene to be detected is hybridized to the blotted gene. Subse- 
quently, the hybridized nucleic acid probe is detected by exposing an X-ray film to the radiation emitted from 
tiie labeled probe at lower temperature to confirm the presence of the gene. 

The conventional detection method mentioned above Involves the limitation of the place of diagnosis due 

30 to the use of radioisotopes and should be conducted with sufficient care of handling reagents. For the purpose 
of reducing such Inconvenience, safe labeling agents substituting the radioisotopes are being developed and 
several detection methods, in which probes are utilized, such as avidln-biotin bond method or enzymatic or 
fluorescent method and the like have already been suggested. However, these methods can not achieve the 
sensitivity superior to that of the method using radioisotopes. They also involve the problems of the time period 

35 required to detecting the gene as long as 2 or 3 days as well as complicated procedure of determination. 

On tiie otiier hand, quantification of a certain antigen or antibody present in a sample generally employs 
radioimmunoassay (RIA). However, RIA requires special instruments and authorized operators therefor cap- 
able of handling radioisotopes since this method also employs radioisotopes simitariy as in the gene diagnosis 
methods mentioned above. In addition, waste disposal in tills method should be done witii particular care. As 

40 one of the other analytic metiiods, immunoelectrophoresis, which requires a long period for determination and 
has a poor sensitivity, can be suggested, although this method is not applicable in case of the samples con- 
taining only trace amount of test substance. 

An objective of the present invention is to provide a method which is excellent in safety and convenience 
and is capable of detecting a certain gene at a high sensitivity in a reduced time period. 

45 Accordingly, the gene detection method of the present invention is the method wherein a single stranded 
nudeic add probe having a base sequence complementary to the gene to be detected is reacted with a gene 
sample denatured into a single stranded form and then the nudeic acid probe hybridized with the gene is detec- 
ted to conflmn tiie presence of the gene, characterized in that: 

the nudeic acid probe is immobilized onto a carrier sensitive to a physical change; 

50 a double stranded nudeic acki recognizing substance capable of binding specifically to a double stranded 
nudeic acid and being active physicochemically is added to the reaction system of tiie nucleic acid probe and 
the gene sample; and, 

the double stranded nudeic acid recognizing substance bound to the double stranded nudeic acid formed 
by conjugation of th nudeic acid probe and the g net be det cted Is d tected by m ans of physicochemical 
55 detemnination using the canier, whereby d tecting the presence of th nudeic acid probe hybridized with the 
gen to b detected. 

Another object of th present inventi n is to provide a gen detection d vice which is xcellent in safety 
and convenience and is capable of detecting a certain g ne at a high sensitivity in a reduced tim period. 
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Accordingly, the g n detection device of th present invention is the device comprising: 
a gen detection sensor having a nucleic acid pr b immobilized ont the surface f a carrier sensitive to 
a physical Chang ; 

a transportation means to transport the gene detecti n sensor; 
5 a reaction bath to store a sample solution containing the gene sample denatured into a single stranded 

foirn, a double stranded nucleic acid being formed In said reaction bath on the gene sensor by hybrid izstlon 
of the gene sample and the nucleic acid probe immobilized on the surface of the gene sensor; 
a temperature control means to control the temperature of the sample solution; 
a washing means to remove unreacted gene sample by washing the gene sensor after hybridization of the 
10 nucleic acid probe with the gene sample; and 

a detection bath to store a double stranded nucleic acid recognizing substance, the double stranded nucleic 
acid recognizing substance being reacted with the double stranded nucleic acid formed on the surface of the 
gene sensor in said detection bath, whereby binding the double stranded nucleic acid recognizing substance 
with the double stranded nucleic acid in order to detect a physical change generated by the bound double stran- 
15 ded nucleic acid recognizing substance. 

This invention can be more fully understood from the following detailed description when taken in conjuno- 
tion with the accompanying drawings, in which: 

Fig. 1 shows a diagram schematically representing an example of the automatic gene detection device 
according to the present invention. 
20 Fig. 2 shows a perspective view of another embodiment of the reaction bath and a gene sample purification 
device of the present automatic gene detection device shown in Fig. 1. 

Fig. 3 shows a perspective view of an example of the temperature controller in tiie present automatic gene 
detection device shown in Fig. 1. 

Fig. 4 shows a diagram schematically representing an example of the present automatic gene detection 
25 device utilizing electrochemiluminescene. 

In the present invention, the iem "double stranded nudeic acid recognizing substance" means a substance 
which recognizes and binds specifically to a double stranded nucleic acid. Such substances are, for example, 
intercalating agents and biopolymers capable of recognizing double stranded nucleic acid. 

The intercalating agents are characterized by their tendency to intercalate specifically to double stranded 
30 nucleic acid such as double stranded DNA. These intercalating agents have in tiieir molecules a flat intercalat- 
ing group such as phenyl group, which intercalates between the base pairs of the double stranded nucleic acid, 
whereby binding to the double stranded nucleic acid. Most of the intercalating agents are optically acth^e and 
some of them are used in qualification of nucleic acids. Certain intercalating agents exhibit electrode response. 
Therefore, detemnination of physical change, especially optical or electrochemical change, may serve to detect 
35 tiie intercalating agents bound to a double stranded nucleic acid. 

Electrochemically or optically active intercalating agents useful in the present invention are, but are not 
limited to, ethidium, ethldium bromide, acridlne, amlnoacridine, acridine orange, proflavin, elllpticine, actinomy- 
cin D, daunomycin, mitomycin C and the like. Other Intercalating agents which are useful are those listed In 
Published Japanese Patent Application No. 62-282599. 
40 In addition to the intercalating agents which are reversibly reacted themselves during oxidation-reduction 
reaction as listed above, the determination of electrochemical change using an electrode may employ a metal 
complex contain ing as a center metal a substance capable of undergoing electrically reversible oxidation-reduc- 
tion reaction, namely, a metailo intercalater. Such metailo intercaiaters include for example tris (phenanthroline) 
zinc salt, tris (phenanthroline) ruthenium salt, tris (phenanthroline) cobalt salt, di (phenthroline) zinc salt, di 
45 (phenanthroline) ruthenium salt, di (phenanthroline) cobalt salt, bipyridlne cobalt salt, terpyridine platinum salt, 
phenanthroline platinum salt, tris (bipyridyl) zinc salt, tris (bipyridyl) rutiienium salt tris (bipyridyl) cobalt salt, 
di (bipyridyl) zinc salt, di (bipyridyl) ruthenium salt, di (bipyridyl) cobalt salt and the like. Although the intercalat- 
ing agents are not limited to those listed above, the complexes which or whose center metals have oxidation- 
reduction potentials not lower than or covered by that of nucleic acids are less preferable. 
50 By using the intercalating agents capable of undergoing electrochemically reversible oxidation-reduction 
reaction, it is possible to detenmine the oxidation-reduction current repetitively. Accordingly, it is possible to con- 
duct potential scanning several to several hundreds times and to sum up the values of the signals obtained, 
whereby enabling the amplification of the signals, resulting in a higher sensitivity of the detection. 

When conducting the detection of the gen using an lectrode, an intercalating ag nt exhibiting 
55 lectrochemilumin scence may also be employ d. Such intercalating agents are, but are not limited to, for 
xampi , luminol, lucig nin, pyr n , diphenylanthracen and rubren . The lectrochemiluminesc n of the 
int rcalatingag nts listed abov maybe nhancedbyth nhanc rs such as lucif rin derivatives such as firefly 
luciferin and dihydrolucif rin, phenols such as phenyl phenol and chlorophenol as well as naphthols. 
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Optical signals generated by the electrochemiluminescence may directly be detected from the solution 
using, for xampi , phot counter. Altemativ ly. an optical fib r elec^de produced by fonming a transparent 
electrode at the tip of an ptical fiber may also be used t detect th signal indirectly. 

Since the lectrode reacti n or change in ptical signal ccur exclusively nth surfac of the carrier, the 
5 detection can be conducted quite easily without removing unreacted probe or unreacted intercalating agent 

In the present invention, reaction of nucleic acid probe and the single stranded gene sample is generally 
conducidd in a soiution. Such reaction may be conducted in the presence of the intercalating agents listed 
above or the intercalating agents may be added after completion of the reaction. 

As mentioned above, since most of the Intercalating agents have themselves the optical activity or can 
10 exhibit the electrode response, direct detemilnation is possible by means of optical or electrochemical pro- 
cedure. When these intercalating agents are further bound with the substances which generate signals capable 
of being detected directly or indirectly, higher detection sensitivity can be obtained by detemnining the signals 
combined with the singles from the intercalating agents. 

These substances which generate signals capable of being detected directly or Indirectly include, for 
15 example, haptens such as biotln, trinitrobenzene sulfonic add and dinitrobenzene sulfonic acid, fluorescent 
substances such as fluorescein isothiocyanate (FITC), phycocyanin and rhodamine, luminescent substances 
such as luminol, lucigenin and acridium ester derivatives as well as electrode active substances such as fer- 
rocene and viologen. When using the substance, from which the signal can not directly being detected, such 
as the haptens listed above, enzyme-labelled anti-hapten antibodies such as enzyme-labelled avldin are used 
20 to detenmine the optical parameters such as absorbance, fluorescene, luminescene, quenching, circular die- 
hroism and fluorescene polarization or, electrode activity is determined, whereby indirectly detecting the gene. 

Although one molecule of these substances are usually bound to one molecule of a intercalating agent, 
several nrralecules of these substance may be bound to one molecule of the intercalating agent, whereby 
enhancing the sensitivity. 

25 On the other hand, some blopolymere recognize and bind specifically to a double stranded nucleic acid. 
Accordingly, by labeling these blopolymere or the substarices recognizing them with enzyme, fluorescent or 
luminescent substance and detenmlning the electrochemical or optical change caused by Uie label to know the 
presence of the biopolymers, the detection of the double stranded nucleic acid may be possible. 

Such blopolymere include, but are not limited to, DNA-blnding proteins such as anti-DNA antibody, Crop- 

30 rotein, cl repressor, E. coD CRP (cAMP receptor protein) and lactose operon repressor and enzymes such as 
RNase H without catalyst activity. The blopolymere mentioned above may be derived from living bodies or may 
be synthesized. 

Enzymes as labels to be bound to the blopolymere mentioned above are, but are not limited to, alkaline 
phosphatase, peroxidase, beta-galactosidase and glucose oxidase. 
35 When detecting the electrochemical change using the blopolymere mentioned above, NADH in NAD- 
i-/NADH cycle and quinone in catechol/quinone cycle may be used. Thus, NADH or quinone formed by enzyme 
bound to a biopolymer may be oxidized or reduced by an electrode and the electrochemical change may be 
determined. Other substances involved in such electrochemical oxidation-reduction reaction may also be 
employed. 

40 When detecting the optical change using the blopolymere mentioned above, an enzyme is bound to a 
biopolymer and a chemical luminescent substrate is used to conduct enzymatic reaction, or a fluorescent sub- 
stance is bound to a biopolymer and the luminescene is direcdy detected. Chemical luminescent substrates 
useful in the present invention may be, but are not limited to. luminol, isoiumlnol, isoluminol derivatives and 
acridinium derivatives. When using the chemical luminescent substrates, enhancere can be used to enhance 

45 the chemical luminescence. Such enhancere may be, but are not limited to, luciferin derivatives such as firefly 
luciferin and dehydroluciferin, phenols such as phenyl phenol and chlorophenol as well as naphthols. Fluores- 
cent substances useful In the present invention may be, but are not limited to, fluorescein, rhodamine and 
phycocyanin. 

The amount of the double stranded nucleic acid recognizing substance to be added is not particularly speci- 
50 fled, altiiough the amounts sufficient to bind all double strands fonmed are preferable in view of the efficiency. 
When added In an excess amount, the double stranded nucleic acid recognizing substance remaining unreac- 
ted are washed off prior to the determination. 

When the amount of the double stranded nucleic acid recognizing substance added is small and the con- 
centration of It is low, nly small amount of die unreacted recognizing substance remains in the syst m aft r 
55 the recognizing substance has bound to the double stranded nucleic acid formed. Thus, the double stranded 
nud ic acid recogniiung substance is relatively concentrated n the carrier. In such stat , th gene can b 
detected without washing ffth sampi DMA which has n t react d with th nud ic acid probe or free doubl 
strand d nudeic acid recognizing substance which has not bound t the double stranded nudeic acid f rmed. 
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whereby enabling the continuous react! ns from hybridization through detection of the g n intended in a single 
system. 

Inthepres ntinventi n, by varying th nuci icacid prob empi yed, vari ustyp s ofgenescanbe d too- 
ted. Nucleic acid probes us ful are such probes that have the base sequences complementary to entire or a 

5 part of base sequence of any of microorganisms contained in foods, plant viruses or viroids, pathogenic micro- 
organlsfTiS or viruses infecting fishes, pathogenic microorganisms or viruses infecting human and causing infec- 
tious diseases, genes causing genetic diseases, activated proto-oncogenes and minisateliite sequence. 

When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part 
of the base sequence of a microorganism contained in a food, the microorganism contained in the food can 

10 directly be detected, thus enabling the food sanitary inspection. Such microorganisms contained in foods are, 
for example, pathogenic Escherichia coil. Staphylococcus as welt as Salmonella. 

When using as a nudeic acid probe a probe having the base sequence complementary to entire or a part 
of the base sequence of a plant vims or viroid, the plant virus or viroid with which plants are infected can be 
detected, thus enabling the infection diagnosis in agricultural fields. Examples of such plant viruses or viroids 

15 include tabacco mosaic virus and cauliflower mosaic virus. 

When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part 
of the base sequence of a pathogenic microorganism or virus infecting fishes, the pathogenic microorganism 
or virus with which fishes are infected can be detected, thus enabling the infection diagnosis in fishery field. 
Examples of such pathogenic microorganisms or viruses infecting fishes are pathogenic vibrio. 

20 When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part 
of the base sequence of a pathogenic microorganism or virus infecting human and causing infectious diseases, 
it is possible to conduct the infection diagnosis. Such pathogenic microorganisms infecting human and causing 
infectious diseases are, for example, pathogenic Streptococcus, Mycoplasma, Clostridium, Chlamydia, Sal- 
monella, herpes simplex and cytomegalovirvis. 

25 When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part 
of the base sequence of a gene causing a genetic disease, directassay of the genetic disease is possible. Such 
genes causing genetic diseases are, for example, the genes causing adenosine deaminase deficiency and 
drepanocythemia. 

When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part 
30 of the base sequence of an activated proto-oncogene, it is possible to conduct the cancer diagnosis. Such acti- 
vated proto-oncogenes are, for example, oncogenes listed in "Oncogene data book" (M. Shibuya, Pub. by Shu- 
jun-Sha). 

When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part 
of the base sequence of a minisateliite sequence, DNA finger print method useful for genetic studies, individual 

35 identification and parentage test can be conducted. Such minisateliite sequences are, for example, Myo sequ- 
ence, Alu sequence, Per-6 sequence and Per sequence. 

Although the length of a nucleic acid probe used in the present invention is not particularly specified and 
single stranded nucleic acids consisting of several to hundreds monomers may be employed, the lengths con- 
sisting of more than ten and less than a hundred monomers are preferable in order to increase S/N ratio and 

40 to obtain higher sensitivity in view of the fact describe below. 

As already mentioned, a double stranded nucleic acid recognizing substance is such a substance that rec- 
ognizes and binds specifically to a double stranded nudeic add. However, the double stranded nudeic acid 
recognizing substance may bind to a single stranded nucleic acid in rare cases. Thus, it may bind to an unreac- 
ted nudeic acid probe immobilized on a carrier. When it binds in such a manner, S/N ratio is reduced, resulting 

45 in a poor detection accuracy. Accordingly, it is preferable to minimize the length of the nudeic acid probe as 
far as the detection of the intended gene is possible. 

The detection of genes can also be done by labeling the nudeic add probe in addition to using the double 
stranded nudeic acid recognizing substance mentioned above. In such cases, the labels to be used to label 
the nudeic acid probe may be any substance provided that it reacts directly or indirectly or causes some interac- 

50 tion with the double stranded nudeic acid recognizing substance and then a detectable signal is generated from 
either the double stranded nucleic acid recognizing substance or the label. In other word, an useful label gives 
a signal which is not generated when the nudeic acid is still present as a single strand and which is, once the 
probe reacts with the intended gene to fonm a double strand to which then the double stranded nudeic acid 
recognizing substance binds, then g nerated for the first time. The detection of gen is conducted by d ter- 

55 mining the signal generated by the react! nb twe nth label and the double stranded nud icacidr cognizing 
substance. Such lab Is for th nucl ic acid pr b may b varied d pending on th d ubi stranded nucI ic 
acid recognizing substance empI y d and may b , for exampt , fluorescent substances such as rhodamin 
and FITC, luminescent substances such as lumin I and acridinium ster d rivatives as w II as nzym s and 
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enzyme substrates. The doubl strand d nucleic acid recognizing substances may n t be particularty specified 
and any of th substances listed atK>v mayb employ d. 

In the present invention, a nucleic acid probe is imm bilized nt a canrier s nsitiv to a physical change 
as mentioned abov .Alth ugh an electrod or ptical fiber is preferably empi yed as the carrier for immobilizing 

5 the nucleic acid probe, other carrier such as photodiode. thernnistor, ISFET, MOSFET, piezo elements, surface 
acoustic wave elements, quartz oscillator may also be employed. 

The electrodes employed in the present invention may be, but are not limited to, carbon electrodes such 
as graphite, glassy carbon, pyrolytic graphite, carbon paste and carbon fiber, noble metal electrodes such as 
platinum, platinum black, gold, palladium and rhodium, oxide eledrodes such as titanium oxide, tin oxide, man- 

10 ganese oxide and lead oxide, semiconductor electrodes such as Si, Ge, ZnO, CdS, Ti02 and GaAs, as well as 
titanium. These electrodes may also be covered with conductive polymers to enhance the stability of the elec- 
trodes immobilized with probes. Monomolecular films may also be employed to cover the electrodes. 

The nucleic acid probes may be immobilized onto the surfaces of the carriers such as electrodes and optical 
fibers by means of covaient bond, ionic bond and physical adsorption. 

15 The examples of the procedure for the immobilization by means of covaient bond are the method in which 
the surface of the canrier is activated and then the nucleic acid probe is immobilized directly or indirectly through 
crosslinking agent and the method in which an active functional group is introduced into the nucleic acid probe 
to be immobilized onto the carrier followed by direct or Indirect immobilization. The activation of the canrier sur- 
face may be conducted by electrolytic oxidation in the presence of oxidizing agent, or by air oxidation or reagent 

20 oxidation, as well as by covering with a film. Useful crosslinking agents may be. but are not limited to, silane 
couplers such as cyanogen bromide and gamma-aminopropyl triethoxy silane, carbodiimide and thionyl 
chloride and the like. Useful functional groups to be Introduced to the nucleic acid probe may be, but are not 
limited to, amino group, carboxyl group, hydroxyl group, carbonyl group, phosphate group, aldehyde group and 
mercapto group. Other highly reactive functional groups may also be employed. 

25 Once the surface of the carrier is oxidized for activation, an oxidized layer is formed on the surface. The 
nucleic acid probe binds to the substrate via this oxklized layer. By fonming a thinner oxidized layer, S/N ration 
of detecting the gene is improved. The thickness of the oxidized layer is preferably not more than 500 A, more 
preferably not more than 100 A. 

Introductbn of the functional group into the terminal of the nucleic acid can be conducted by means of 

30 enzymatic reaction or by using DNA synthesizer. The enzymes useful in the enzymatic reaction may be, for 
example, terminal deoxynudeotidyl transferase, poly A polymerase, polynucleotide kinase, DNA polymerase, 
polynucleotide adenylyitransferase and RNA ligase. Polymerase chain reaction method (PGR method), nick 
translation method and random printer method may also be employed to Introduce the functional group. 
The functional group may be introduced to any part of the nucleic acid, such as 3' or 5' terminal, as well 

35 as a site randomly selected. 

The nucleic acid probe with the functional group introduced may be immobilized as it is onto the carrier by 
immobilization reaction. However, the amino acid originally comprised in the nucleic acid may sometimes serve 
as a functtonal group Instead of the functional group introduced, since the nucleic acid probe Is a single strand. 
Thus the amino acid originally comprised In the nucleic acid is used for immobilization of the probe to the carrier, 

40 which affects the sensitivity. 

The immobilization via the amino acki originally comprised in the nucleic acid probe may be prevented by, 
for example, the method as follows. First the nucleic ackj probe to which the functional group has been intro- 
duced is annealed with the DNA chain having the base sequence complementary to the probe to obtain a double 
strand. Then the functional group introduced is used to immobilize the double stranded nucleic acid to the car- 

45 rier. Subsequently, thermal denaturatton is conducted to fom a single strand, whereby removing the DNA chain 
to which the functional group has not been introduced. The temperature during the thermal denaturatton may 
usually be maintained from 90 to 98''C. 

When the canier to be used for immobilization of the nudeic acid probe is an electrode, the nucleic acki 
probe can be immobilized easily at a higher efficiency by utilizing physical adsorption. The physical adsorption 

50 of the nudeic acid probe onto the electrode surface can be conducted, for example, as follows. First, the elec- 
trode surface is washed with distilled water and alcohol using ultrasonic cleaner. Then the electrode is placed 
in the phosphate buffer (pH 7.0) containing the nudeic acid probe to adsorb the probe onto the surface of the 
substrate. During this procedure, potential of 0 to +1.0 V. preferably 0 to -t-O.I V is applied to the electrode to 
accelerat the adsorpti n. Th n th lectrod having th nudeic acid adsorb d is placed in th solution con- 

55 taining nude tides (ATP, OTP. GTP. TTP, dATP, dCTP, dGTP, dTTP and th like), and th electrode surface 
is coat d with th nude tides preferably while applying th potential ofO to 1.0V. By this treatment, n n-specific 
adsorption of th sample nudeic acid or doubl stranded nud ic acid recognizing recognizing substance to 
the electrod surfac can b pr v nt d. Non-specific ads rption may also b prev nted by using surfactants. 
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fatty acids or fats. 

The nudeic acid probe may als b immobilized t the carrier using a emb dding agent used In th embed- 
ding method kn wn as a procedure t irrtmobilize the enzyme. The embedding agents useful In the present 
Inv nti n may be, but are not limited to, polyvinylchloride and polyacrylamide. 
5 The nudeic acid probe may also be immobilized onto the electrode surface via a fOm. Such films may be, 
for example, conductive polymers such as polyacethyiene. potypyrrole, polythiophene and polyaniline as well 
as polyethylene, polypropylene, poly (vinylchloride), poly (vinyl alcohol), poly (methytmethacrylate), poly (vi- 
nyl-idene fluoride), cellulose and lipid membrane. Monomotecular layer such as LB membrane and a multiple 
layer consisting of two or more nnonomolecular layers may also be employed. 
10 Immobilization of the nudeic acid to the fOm or the membrane may be conducted in the manner similar to 
that used for the immobilization onto the surface of the carrier. 

When the nudeic acid probe is immobilized to the film or the membrane by means of covaient bond, a func- 
tional group may be introduced to the film or the membrane instead of the nudeic acid probe. The functional 
groups suitable to be Introduced into the film or the membrane may be same to those introduced Into the nudeic 
15 acid probe. By introducing the functional group into the film or the membrane followed by reacting the nudeic 
acid probe to effect the immobilization, the probe can be immobilized at a higher density and more stably 
Immobilized carrier with nudeic acid probe can be obtained when compared to the immobilization by introdudng 
the functional group into the nudeic acid probe. 

When the canierto which the nudeic acid probe is ImnDobliked via the film or the membrane is an electrode, 
20 the probe and the sample are hybridized as mentioned at)ove while detenmining the membrane potentials before 
and after hybridization, whereby detecting the presence of the intended gene. 

A carrier having the nudeic acid probe immobilized, when used as it is, tends to exhibit non-specific physical 
adsorption caused by a sample nudeic acid and a double stranded nucleic acid recognizing substance. Such 
non-specific adsorption may cause a reduced sensitivity. It can be suppressed by covering the carrier surface 
25 with the nudeic acid by means of physical adsorption or chemical bond after immobilization of the nucleic acid 
probe. 

For this purpose, the nucleic adds to be used to cover the surface of the carrier are, for example, nucleo- 
sides such as adenosine, thymidine, guanosine and cytidine, nucleotides such as uridylic acid, cytidylic acid, 
adenylic acid and guanylic acid, synthetic oligonudeotide as well as naturally derived D^4A such as salnrK)n 
30 spenfn DNA. 

While the length and the base sequence of nucleic acid used to cover the surface of the carrier are not 
limited specifically as far as they do not cause the reaction with the nudeic acid probe immobilized on the sur- 
face of the carrier, a single stranded or double stranded nudeic acid of 1 to 100 bp is preferable. 

Non-specific adsorption can also be suppressed by coating the carrier with the substances such as sur- 
35 factants, fatty acids and fats. An example of such substance is stearylamine. 

In the gene detection method according to the present invention, the methods of immobilizing the nudeic 
acid probe to the canrier is not limited to those mentioned above and other method generally utilized to imnrtobl- 
iizing biopdymers such as proteins to solid phases may widely be employed. 

The amount of the nudeic acid probe to be immobilized to the carrier is not particulariy limited, although 
40 a higher density of the nucleic acid probe immobilized results in a higher sensitivity of the detection, namely, 
a higher S/N ratio. The density of the nudeic add probe immobilized is generally of the order of amol/cm^ or 
higher. 

The nudeic add probe immobilized to a carrier especially to an electrode or optical fiber surface, can be 
quantified by determining an oxidation-reduction current or an optical signal of the nucleic acid or by detemiining 

45 an oxidation-reduction current or an optical signal of an electrochemicaily or optically active substance which 
binds specifically to the single stranded nudeic acid. Thus, when the carrier is an electrode, then the oxida- 
tion-reduction current from the nucleic acid or the intercalating agent is detemiined using a measurement sys- 
tem consisting of, for example, potentiostat. function generator, recorder and computer to quantify the nudeic 
acid immobilized. When the carrier is an optical fiber, then the optical signals from the nudeic acid or the inter- 

50 calating agent bound to the nudeic acid, such as absorbance, fluorescence, luminescence, quenching, circular 
dichroism, fluorescence polarization or other optical parameters are determined using corresponding instru- 
ments to quantify the nudeic acid immobilized. By using these methods, it is possible to quantify the nucleic 
acid inmobilized on the surface of the cam'er more easily in a shorter period at a higher sensitivity when conrv 
pared with the conventional m thods which are quit complicated since th nudeic acid its If has no activity. 

55 The oxidation-reduction curr nt from the nudeic add may be the oxidation-reduction curr nt from adenine, 
thymin ,guanin orcytosin . 

By imparting th function of an oscillator r rotator to the earn r imm bilized with the nud ic add prob , 
theflown arthesurface fth canrier can relativ ly be increased, wh rebyfacilitating the htbridization reaction 
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and inhibiting the non-specific reaction, providing higher efficiency of the gene detection. The function f oscil- 
iator can b imparted t the carrier by utilizing m chanical oscillation, ultras nic wave r I ctric r nnagnetic 
action. 

As test samples, blood such as peripheral venous blood, leukocyt , s rum, urine, feces, s men, saliva, 
5 cultured cell, tissue cells such as cells from various organs and other materials containing nucleic acids may 
be employed. 

Although the extraction of nucleic acids from a test sample is conducted according to the conventional 
method, the double stranded nucleic acid recognizing substance mentioned above can be used for extraction 
and purification following the procedure described below. 

10 First, the double stranded nudeic acid recognizing substance is immobilized to an appropriate support, 
which is then mixed with a test sample. The cells contained in the test sample is ruptured to release the nucleic 
acid, which is then bound to the double stranded nucleic acid recognizing substance. Subsequently, the support 
is separated from the test sample and the nucleic acid bound to the double stranded nucleic acid recognizing 
substance is separated from the support, 

15 The supports useful herein may be, but are not limited to, polymer supports such as latex, polyethylene, 
polystyrene, and polypropylene, carbon materials such as activated carbon, metal particulates, ceramic mate- 
rials, and nnagnetic materials such as magnetites, samarium-cobalt and ferrite. The forms of the supports are 
not partlculariy limited, but a particle whose size is within the range from 0.1 to 1000 ^m, particulariy from 1 to 
100 ^m, is preferable. 

20 The cells contained in the test samples may be ruptured according to the standard method. For example, 
the support is agitated by means of the external force such as shaking or applying ultrasonic wave. Nucleic 
acid eluate may also be employed to release the nudeic acid from the cells. Such nudeic acid eluates are, for 
example, the solutions contianing surfactants such as SDS, Triton-X and Tween-20, and the solutions contain- 
ing saponin, EDTA or proteases. When these solutions are used to release the nudeic acid, incubation at a 

25 temperature not lower than 37°C may serve to facilitate the reaction. 

After binding the nudeic acid to the double stranded nudeic acid recognizing substance immobilized to 
the support, the support is separated from the test sample by an appropriate means. The support which has 
been separated is first washed with a washing fluid (low salt concentration) to remove the unnecessary conrv 
ponents, and then with a nudeic acid eluate (high salt concentration) to release the nucleic add into the solution. 

30 When an intercalating agent is used as the double stranded nudeic acid recognizing agent, a non-polar organic 
solvent is used as the nudeic acid eluate. 

When a magnetic partide is used to the support, agitation and separation of the support can conveniently 
be conducted by using external magnetic action which enables easier and rapid procedure. 

When the content of the intended gene is quite small, the detection may also be conducted after amplifh 

35 cation of the gene according to a known method. Representative gene amplification methods are methods utilh 
zing enzymes, such as pdymerase chain reaction (PGR) method. The enzymes useful in the gene amplification 
method may be, for example, DNA-dependent DNA polymerazes such as DNA polymerase and Taq polymer- 
ase, DNA-dependent RNA polymerazes such as RNA polymerase 1, RNA-dependent RNA pdymerazes such 
as Q beta replicase. Among methods using these enzymes, PGR method using Taq polymerase is a quite con- 

40 venient method wherein the amplification can be repeated continuously only by controlling the temperature. 

The samples thus obtained (course extract of nucleic acid, or purified solution of nudeic acid) are thermally 
denaturated at a temperature form 90 to 98°C. preferably not tower than gS'^G to prepare single strands. Then 
an electrode immobOized with nudeicacid probe or an optical fiber immobilized with nudeic acid probe is placed 
in the solution of the single stranded nudeic acid and hybridized at a temperature from 37 to 72*G. The optimum 

45 temperature for hybridization varies depending on the factors such as the base sequence and the length of the 
probe employed. 

In such cases, the reaction rate is generally less satisfactory than in the case of the reaction in solution, 
since the hybridization reaction proceeds in a solid phase. However, this problem can be eliminated when using 
an electrode immobilized with the nudeic acid probe by applying a potential to the electrode surface before 
50 and/or during the hybridization raction to accelerate the reaction. The potential to be applied is preferably a 
positive potential, or a positive and negative potentials are altematively applied. Such potential is applied con- 
tinuously or intenmittentiy as pulse. Preferably the potential applied is within the range from 0 to ±2.0 V. 

Upon hybridization, unreacted nudeic acid may adsorb non-specifically to the electrode surface in addition 
to th int nded gene bound to tiie nudeic acid prob . Such non-sp cific adsorption may reduce the S/N ratk) 
55 of the gen det ction.Usuallythe nudeicacid is negativ ly charged. Therefore the nucleic acid n n-spedficaily 
adsorit) d can be removed by applying the n gative pot ntial to th lectrod . For ttiis purpos , the pot ntial 
to b applied is within the rang from 0 to 2.0 V, preferably 0 to 1.5 V. 

The double stranded nud ic acid recognizing substance may be add d to the test sample ith r before or 



9 



EP0 478 319 A1 



after the hybridization. Aitemativeiy, a solution of the double stranded nucleic acid recognizing substance may 
previously be prepared, in which the el ctrode or optical fiber Immobilized with the nud ic acid probe may be 
placed after hybridization. Since m st f the double stranded nudeic acid recognizing substances are positively 
charged, non-specific adsorption of th recognizing substanc t th carrier can b suppressed by applying 

5 positive potential in the cases where the carrier is an electrode. 

Since the electrode reaction proceeds only near the surface of the electrode, a response of the intercalating 
agent bound to the double stranded nucleic acid to the electrode can be obtained exlcusively upon occurrence 
of hybridization. When using an electrode immobilized with a nudeic acid probe, a measurement system con- 
sisting of potentiostat, function generator and recorder may be used. Once the potential is set approximately 

10 to the oxidation-reduction potential of the intercalating agent, the potential is scanned. During the scanning, 
the oxidation-reduction cun-ent is detenmined to quantify the gene to be detected. This electrochemical deter- 
mination may be done in a test solution or in other electrolyte solutions. It may also be done in hydrophilic or 
hydrophobic solvents. 

When using an optical fiber immobilized with a nucleic acid probe, the gene to be detected is quantified 

15 by determining the optical parameters such as absorbance. luminescence, fluorescence, reflection, quenching, 
circular dichroism and fluorescence polarization. 

The devices involving a nudeic acid probe immobilized to a carrier having a function of detecting signals, 
such as the electrode or optical fiber immobilized with the nucleic add probe as mentioned above, are useful 
as gene detecting sensors. In order to use such devices as gene detecting sensors repeatedly, it is required 

20 to dissociate the sample which had been hybridized with the probe Immobilized. Dissodation of the sample 
from the probe may be conducted by treatments with heat, bases, acids, surfactants or ultrasonic wave. The 
heat treatment can be done by heating the double stranded nucleic acid fbnned at 98''C for 5 minutes to denat- 
ure the double stranded nucleic acid followed by rapid cooling. Alkaline treatment employs a buffer solution of 
pH 8.5 or higher or strong base solutions, while acid treatment employs a buffer solution of pH 4.5 or lower or 

25 strong acid solution. The surfactants used in the treatment with surfactants may be, but are not limited to, ionic 
or neutral surfactants such as SDS, Triton-X and Tween 20. For this purpose, the concentration of the surfactant 
is preferably 0. 1 % or higher. Ultrasonic treatment can be conducted by treating the sample for several seconds 
to several minutes with the ultrasonic wave having the frequency from 10 to 100 kHz. 

The gene detection methods of the present invention are further described in the examples below. 

30 Example 1: Gene detection using electrode immobilized with nudeic acid probe 

a. Immobilization of nudeic acid probe to Pt electrode surface 

Pt electrode was treated at a high temperature to air-oxidize the surface of the electrode. After 
activating the surface of the oxide layer by cyanogen bromide (CNBr), immobilization was conducted by 
immersing the electrode in the solution of thennrially denatured single stranded nudeic acid probe (v-myc). 
35 b. Gene detection using electrode immobilized with nudeic acid probe 

As a test sample, pVM623 obtained by inserting vnmyc fragment into pst I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with IHind 111 and then was subjected to the thermal denaturation at 
98''C. The electrode imnrK>btlized with the nudeic acid probe was placed in the test sample, which is incubated 
for 1 5 minutes at 70'*C to anneal. During this procedure, acridine orange, an Intercalating agent which has speci- 
40 fldty to the double stranded DNA and is electrochemically active, was added. 

After annealing, the electrode reaction was effected while detenmining the oxidatk>n-roductlon current pro- 
duced to quantify v-myc contained in the test sample. As a result, v-myc could be detected In pg (picogram) 
order. 

Example 2: Gene detection using optical fiber immobilized with nudeic acid probe 
45 a. Immobilization of nudeic ackl probe to optical fiber 

The tip of the optical fiber was treated with silane coupler (gamma-aminopropyl triethoxy silane: 
(gamma-APTES) and then the single stranded nudeic acid probe (v-myc) was immobilized using glutaral- 
dehyde as a crosslinking agent 

b. Gene detection using optical fiber immobilized with nudeic acid probe 

50 As a test sample, pVM 623 obtained by inserting v-myc flragment into Pst I site of pUC 1 1 9 was employed. 
Linear pVM 623 was obtained by digesting with Hind 111 and then was subjected to the thermal denaturation at 
98°C. The optical fiber immobilized with the nudeic acid probe was placed in the test sample, which was Incu- 
bated for 1 5 minutes at 70''C to anneal. During this procedure, acridine which has specificity to the double stran- 
d d DNA was add d. 

55 After annealing, the fluorescent light emitted from acridine was detemnined to quantify v-myc contained in 
th t St sample. As a result, v-myc could b det ct d in pg rder. 

Example 3: G ne d t ction using electrode immobiiiz d with nud ic acid prob and using metallo inter- 
calator as an int rcalating agent 
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As a test sample. pVM 623 obtained by inserting v-fnyc fragment into Pst I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting witti Hind III and th nwassubj cted to the thermal denaturati nat 
98^C. The electrode immobDiz d with the nucleic add probe was placed in th test sample, which was incubated 
for 1 5 minut s at 70X to anneal. During this procedure, tris (1 ,1 0-phenanthroline) cobalt (III), an intercalating 
5 agent which has specificity to the double stranded DNA and is electrochemically active, was added. 

After annealing, cyclic vcltammetry was conducted and values of the cxIdaticn-reductlGn current obtained 
by sweeping 30 times were sunruned up. As a result, v-myc could be detected in pg order. 

Example 4: Gene detection using optical fiber electrode imnrK)bitized with nucleic acid probe and utilizing 
electrochemiluminescence 

10 As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 11 9 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98*^0. The optica) fiber electrode immobilized with the nucleic acid probe (v-myc) was placed in the test sample, 
which was incubated for 15 minutes at 70°C to anneal. During this procedure, lucigen which has specificity to 
the double stranded DNA and is capable of generating electrochemicaily luminescence was added. 

IS After annealing, electrochemical reaction was effected and the luminescence was detected through the 
optical fiber electrode immobilized with the nucleic acid probe. As a result, v-myc could be detected in pg order. 

Example 5: Gene detection using electrode immobilized with nudeic acid probe and using antt-DNA anti- 
body as an intercalating agent 

a. Immobilization of nudeic acid probe to R electrode surface 

20 Pt electrode was treated at a high temperature to air-oxidize the surface of the electrode. After 

activating the surface of the oxide layer by cyanogen bromide (CNBr). immobilization was conducted by 
immersing the electrode in the solution containing themially denatured single stranded nudeic acid probe 
(v-myc). 

b. Gene detection using electrode immobilized with nudeic acid probe 

25 As a test sample. pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 1 9 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thenrtal denaturation at 
9d*'C. The electrode Immobilized with the nudeic acid probe was placed in the test sample, which is incubated 
for 15 minutes at 70°C to anneal. After washing the electrode, alkaline phosphatase-labeled anti-nudeic acid 
antibody which binds specifically to the double stranded nucleic acid was reacted, and washed again prior to 

30 adding NADP+ solution. Alkaline phosphatase hydrolyze NADP+ to generate NAD+. 

NAD-i- thus generated was determined by detemnining the current caused by oxidation of NADH in the sys- 
tem using alcohol dehydrogenase and diaphorase. whereby quantifying v-nnyc contained in the test sample. 
As a result, v-myc could be detected in pg order. 

Example 6: Gene detection using optical fiber immobilteed with nudeic ackJ probe and using anti-DMA anti- 

35 body as an intercalating agent 

a. Immobilization of nudeic acid probe to optical fiber 

The tip of the optical fiber was treated with silane coupler (gamma-APTES) and then the single stran- 
ded nucleic acid probe (v-myc) was immobilized using glutaraldehyde as a crosslinking agent 

b. Gene detection using optical fiber immobilized with nudeic ackJ probe 

40 As a test sample. pVM 623 obtained by inserting v-myc fragnnent into Pst I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thenmal denaturation at 
98''C. The optical fiber immobilized with the nudeic acid probe was placed in the test sample, which was incu- 
bated for 15 minutes at JO^C to anneal. 

After annealing and washing, peroxidase-labelled anti-DNA antibody which binds specifically to the double 
45 stranded DNA was reacted. Then the sample was washed again, and reacted with H2O2 in an alkaline aqueous 
solution using luminol as a substrate and luciferin as an enhancer. The luminescence thus generated was deter- 
mined to quantify v-myc contained in the test sample. As a result, v-myc could be detected in pg order. 
Reference Example 1: Quantification of nudeic acid probe on BPPG electrode 

a. Introduction of amino group into nudeic acid probe 

50 A DNA labeling kit. Chemiprobe (ORGENICS Ltd.) was used to label carcinogenic gene v-myc (1 .5 

Kb), into which (6-aminohexyl) dATP was then introduced at 3' temninal using tenminal deoxynucleotidyl 
transferase. 

b. Immobilization of nudeic acid probe to electrode surface 

As an electrode to which the nud ic acid is to be immobiliz d. basal plain pyrolytic graphite (BPPG) was 
55 employed. This electrode was subjected to electrolysis at 2.2 V in a soluti n containing 1 0% nitric acid and 
2.5% p tassium chromate t oxidiz th surfac .Theeiectrod whos surfecehasb en xidiz d was then 
placed in a r fluxed solution of 10% gamma-aminopropyl triethoxy silane in toluen at 1 20''C for 30 minutes 
t effect silane treatment After the electrode was wash d with m thanol, it was r ad d in 1% glutaral- 
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dehyde solution for 30 minutes, and was washed again. The I ctrode was react d in a solution containing 

1 ^g/mf v-myc having amino group introduced at a room temperatur for 30 minutes, wh reby producing 

an lectrode immobilized with the nudeic acid probe. 

c. Quantification of nucleic acid prob immobilized to electrod surface 
5 Using the electrode immobilized with the nucleic acid probe thus obtained, cyclic voltanrvnetry was con- 

ducted in 1/1 5M phosphate buffer solution (pH 7.0). As a result, oxidation current of 1 |iA generated from 
adenine was measured by the electrode which had been subjected to 10 seconds oxidation, while oxidation 
current of 2 i^A measured by the electrode which had been subjected to 60 seconds oxidation. From the deter- 
minatlo using Chemiprobe kit, the amounts of nucleic acid Immobilized to the surfaces of these electrodes were 
10 about 0.1 pmol/cm^ and 0.2 pmot/cnn^, respectively. Such findings indicated that there nr^y be correlation be- 
tween the oxidation currents from the nucleic acids and the amounts of nudeic acid probe immobilized and 
that the nudeic acid probe immobilized may be quantified based on the electrode reaction of the nucleic acid. 

Reference Example 2: Quantification of nudeic acid probe on optical fiber 

a. Introduction of amino group into nudeic acid probe 

15 A DNA labeling kit called Chemiprobe was used to label carcinogenic gene v-myc (1 .5 Kb), into which 

(&-aminohexyl) dATP was then introduced at 3' temriinal using terminal deoxynudeotidyl transferase. 

b. Immobilization of nudeic acid probe to optical fiber 

The tip of the optical fiber was immersed in a solution of 10% gamma-aminopropyl triethoxy silane in toluene 
and refluxed at 1 20**C for 30 minutes to effect silane treatment The optical fiber was washed with methanol, 
20 it was reacted in 1% glutaral dehyde solution for 30 minutes and then washed again. The optical fiber was 
placed in a solution containing 1 \igtm\ v-myc having amino group introduced and then reacted at a room 
temperature for 30 minutes, whereby producing an optical fiber immobilized with the nudeic acid probe. 

c. Quantification of nudeic acid probe imnrvobilized to optical fiber surface 

Using the optical fiber immobilized with the nudeic acid probe thus obtained, the detection was attempted 
25 in 1/15M phosphate buffer solution (pH 7.0) containing 1.0 acridine orange and the fluorescence from 
acridine orange could be detected. The amount of the nudeic acid imnnobtlized on the optical fiber surface was. 
when detennnined using Chemiprobe kit, was about 0.1 pmol/cm^. These findings indicated that it is possible 
to determine the amount of the nudeic acid immobilized easily by detenmining the intensity of the fluorescence 
from the intercalating agent 

30 Example 7: Acceleration of hybridization of nudeic acid sample with nucleic acid probe immobilized to eleo- 
trode 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 19 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thenmal denaturation at 
98°C. Then the BPPG electrode immobilized with the nudeic acid probe was placed in the test sample, which 

35 was incubated for 15 minutes at 70<^C to effect annealing During this procedure, 0.1 V (vs SCE) of potential 
was applied to the electrode. 

Then acridine orange, which has specificity to the double stranded DNA and is electrochemically active, 
was added to effect the electrode reaction, during which the oxidation-reduction cun'ent generated was deter- 
mined to quantify v-myc contained in the test sample. As a result, v-myc could be detected in pg order. The 

40 time required for hybridization which had conventionally been about 30 minutes was reduced to about 10 
minutes. 

Example 8: Regeneration of electrode imnrtobilized with nudeic acid probe 

a. Immobilization of nudeic acid probe to Pt electrode surface 

Pt electrode was treated at a high temperature to air-oxidize the surface of the electrode. After 
45 activating the surface of the oxide layer by cyanogen bromide (CNBr), immobilization was conducted by 
immersing the electrode In the solution containing thennally denatured single stranded nudeic add probe 
(v-myc). 

b. Gene detection using electrode immobilized with nudeic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed. 

50 Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thenmal denaturation 
at 98°C. The electrode immobilized with the nucleic acid probe was placed in the test sample, which was 
incubated for 1 5 minutes at 70°C to anneal. During this procedure, acridine orange, an intercalating agent 
which has specificity to the double stranded DNA and is electrochemically active, was added. 
After ann aling,th lectrode reaction was ffectedwhil d terminingth oxidationnreduction current pro- 

55 duced to quantify v-myc contained In the test sample. As a result, v-myc could be detected in pg order. 

c. Regeneration of lectrod inrtmobiliz d with nudeic acid prob 

By heating at 98^C for frv minutes the electrod immobiiiz d with th nud ic acid prob which had once 
b en used for d t nmination, the sampl pVM 623 was dissociated from the surface of th lectrod imm bh 
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iized with th nucleic acid probe. The et ctrode thus regenerated could be reused for the gene detecti n 
repeat dly at least 5 times th reafter. 

Example 9: Regeneration of optical fiber immobilized with nucleic acid probe 

a. Immobilization of nucleic acid probe to optical fiber 

5 The tip of the optical fiber was treated with silane coupler (gamma-APTES) and then the single stran- 

ded nucleic acid probe (v-myc) was immobilized using glutaraldehyde as a crosslinklng agent 

b. Gene detection using optical fiber immobilized with nucleic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation 
10 at 98''C. The optical fiber immobilized with the nucleic acid probe was placed in the test sample, which was 
Incubated for 15 minutes at 70**C to anneal. During this procedure, acridine which has specificity to the 
double stranded DNA was added. 

After annealing, the fluorescent from acridine was determined to quantify v-myc contained in the test 
sample As a result, v-myc could be detected in pg order. 
15 ^ c. Regeneration of optical fiber immobilized with nucleic acid probe 

By heating at gd^'C for five minutes the optical fiber immobilized with the nucleic acid probe which had once 
been used for detenmination, the sample vPM 623 was dissociated from the surface of the optical fiber immobi- 
lized with the nucleic acid probe. The optical fiber thus regenerated could be reused for the gene detection 
repeatedly at least 5 times thereafter. 
20 Example 10: Gene detection using intercalating agent to which substance generating signals which can 
be detected directly or indirectly is bound. 

a. Preparation of electrode immobilized with nucleic acid probe 

(6-aminohexyl) dATP was introduced at 3' terminal into synthetic oligonucleotide probe (20 mer) 
against to a carcinogenic gene v-myc using terminal deoxynudeotidyt transferase. 

25 On the other hand, a basal plain pyrolytic graphite (BPPG) electrode was subjected to electrolysis at 2.2 
V in a solution containing 10% nitric acid and 2.5% potassium chromate to oxidize the surface of BPPG 
electrode. The electrode was then placed in a refluxed solution of 10% gamma-APTES in aniline at 120''C 
for 30 minutes to effect silane treatment After the electrode was washed with methanol. It was reacted in 
1 % glutaraldehyde solution for 30 minutes and washed again. 

30 This BPPG electrode was reacted in a solution containing 1 synthetic oligonucleotide probe, whcih 
has specificity to v-myc, having amino group introduced at a room temperature for 30 minutes, whereby 
producing an electrode immobilized with the nucleic acid probe. 

b. Gene detection using electrode imnrK>billzed with nucleic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc firagment into Pst 1 site of pUG 1 19 was employed. 
35 Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98<>C. BPPG electrode ImnrYoblized with the nucleic acid probe was place in the test sample, which was incu- 
bated at TO^'C to anneal. Subsequently, acridine orange bound to ferrocene was added in such an amount that 
final concentration of 1 was obtained. After washing, it was subjected directly to the electrode reaction, dur- 
ing which the oxidation-reduction current was detennined to quantify v-myc contained in the sample. 
40 When the sample did not contained the gene intended, then the oxidation-reduction cun-ent from ferrocene 
was not detected. However, in the case of the sample containing the gene intended, the oxidation-reduction 
current could be detected, and ultimately v-myc can be detected in the order of pg. Since no B/F separation 
was required, the detection was completed within 30 minutes. 

Example 11: Gene detection using intercalating agent to which substance generating signals which can 
45 be detected directly or indirectly is bound 

First, the electrode immobilized with the nucleic acid probe was prepared in the manner similar as in 
Example 1 0, and then It was immersed in a solution of nucleotides (dATP, dCTP. dGTP and dTTP) for the pur- 
pose of preventing non-specific adsorption of sample DNA. 

As a test sample, pVM 623 obtained by inserting v-myc firagment into Pst I site of pUC 1 19 was employed. 
50 Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. Then BPPG electrode immobilized with the nucleic acid probe was placed in the test sample, which was 
incubated at 70''C to anneal. During this procedure, 0.1 V (vs SCE) of potential was applied to the electrode. 

After reaction, an intercalating agent which has specificity to the double stranded DNA and is electrochemi- 
cally active, nam lytris(phenanthrolin ) cobalt salt was added. After tris(ph nanthrollne) cobalt salt was bound 
55 to the d ubi stranded nucleic acid, negative charg was appli d to the electrode to renrrav the substances 
binding n n-specifically. Subs qu ntly, the oxidation-reduction curr nt of th intercalating ag nt was d ter- 
mined to quantify v-myc contained in the test sampi . As a r suit, v-myc could b d tected in pg ord r. 
Example 12: Gene detection using optical fiber imnrtobilized with nudeic acid probe labeled with luminol 
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a. Preparation of optical fiber immobiliz d with nucleic acid probe labeled with luminol 

(6-anilnohexyl) dATP was introduced at 3' t rminal Int synthetic lig nucleotide probe (20 mer) 
against to a carclnog nic gen v-myc using tenminat deoxynude tidyl transferase. This nucleic acid probe 
was label d with luminol and then imm bilized to the surface of the ptical fiber by m ans of physical 
5 adsorption. 

b. Gene detection using optical fiber immobilized with nudelc acid probe 

As a test sample. pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the themnal denaturation at 
Qd^'C. The optical fiber immobilized with the nucleic acid probe labeled with luminol was placed in the test 

10 sample, which was incubated at SS^'C to anneal. During this procedure, ethidium bromide which binds spech 
fically to the double stranded nucleic acid was added. The ethidium bromide is concentrated on the surface of 
the optical fiber. Subsequently, luciferin and H2O2 was used to generate the luminescence from luminol, 
whereby exciting ethidium bromide. Fluorescence generated from the excited ethidium bromide was deter- 
mined to quantify v-myc contained in the test sample. As a result, vHmyc could be detected in the order of pg. 

15 Example 1 3: Gene detection using optical fiber immobilized with nucleic acid probe labeled with O-pheny- 
lenediamine 

a. Preparation of optical fiber immobilized with nudeic add probe labeled with O-phenylenedlamine 

(6-aminohexyl) dATP was introduced at 3' temiinal into synthetic ollgonudeotide probe (20 mer) 
against to a carcinogenic gene v-myc using tenminal deoxynudeotidyl transferase. This nudeic acid probe 
20 was labeled with 0-phenylenediamine and then immobilized to the surface of the optical fiber by means 
of physical adsorption. 

b. Gene detection using optical fiber immobilized with nudeic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 11 9 was employed. 
Linear pVM 623 was obtained by digesting with IHind III and then was subjected to the thermal denaturation at 

25 98''C. The optical fiber immobilized with the nudeic acid probe labeled with O-phenylenediamine was placed 
in the test sample, which was then incubated at SS^'C to anneal. After annealing, anti-double stranded DNA 
antibody labeled with alkaline phosphatase was added. In this method, the antibody was concentrated on the 
surface of the optical fiber when intended gene was present in the sample, whereby undergoing tiie enzymatic 
reaction, resulting in the absorbance at 405 nm. The absorbance at 405 nm was determined to quantify v-myc 

30 contained in the test sample. As a result, v-myc could be detected in the order of pg. 

Reference Example 3: Immobilization to electrode surface via amino group introduced into nudeic acid 
probe 

a. Preparation of nudeic acid probe into which amino group is introduced 

2 primers (20 mer) used for amplification of about 1 .0 Kb fragment of carcinogenic gene v-myc were 
35 synthesized using DNA synthesizer (Applied biosystem, PCR-MATE EP). An amino group was furtiier intro- 

duced to one of the primer at 5' tenminal using Aminolink 2 (Applied biosystem). 
These two synthetic printers were admbced each in tiie concentration of 100 ng/mf and subjected to the 
treatment at 95''C for 5 minutes followed by 37°C for 30 minutes to anneal to obtain a double stranded nuc- 
leic ackJ probe. 

40 b. Immobilization of nudeic acid probe to electrode surface 

As an electrode to which the nudeic acid is to be inunobilized, basal plain pyrolytic graphite (BPPG) was 
employed. This electrode was subjected to electrolysis at 2.2 V In a solutk>n containing 10% nitric acid and 
2.5% potassium chromate to oxidize the surface. The electrode whose surface had been oxidized was then 
placed in a refluxed solution of 1 0% gamma-APTES in aniline at 1 20''C for 30 minutes to effect silane treatment 
45 After the silane treated electrode was washed with methanol, it was reacted in 1% glutaraldehyde solution for 
30 minutes, and then washed again. 

This BPPG electrode was reacted in a solution containing 100 ^g/mf of double stranded nudeic acid probe 
prepared in step a at a room temperature for 30 minutes, whereby immobilizing the double stranded nucleic 
acid on the surface of the electrode. Then the electrode was further subjected to tiienmal denaturation at 95''C 
50 for 5 minutes to remove the DNA chain witiiout the functional group introduced, whereby producing an electrode 
immobilized with tiie nudeic acid probe. 

Example 14: Gene detection using electrode immobilized with nudeic acid probe via lipid membrance 
a. Preparation of electrode infunobllized with nuclelcadd probe 

Lipid membrane was fornned using phosphattdylethanolamine on the surface of basal plain pyrolytic 
55 graphite (BPPG) lectrode. On tii other hand, (6-aminoh xyl) dATP was introduced at 3' terminal Into car- 
clnog nicg ne v-myc (1.5 kb) using t rminal d xynud otidyltransf rase. 

After treating lipid m mbrane-modified BPPG I ctrodewithglutarald hyde, it was reacted in 1 ^g/mf sol- 
ution of v-myc t which amin group had been introduced f r 30 minutes at a room t mperature, wh r by 
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producing an lectrode immobilized with the nucleic acid probe. 

b. Gen detection using electrode immobilized vyith nudeic acid probe 

As a test sample, plasmid pVM 623 obtained by ins rting v-myc (1.5 kb) into Pst I site of pUC 119 was 
mployed. 

5 The test sample was thennally denaturated at 95°C and then the electrode immobilized with the nucleic 
acid prepared in step a was placed in the sample to effect hybridization at 55^0. Determination of the membrBne 
potential of the electrode inrvnobilized with the nucleic acid was started before the initiation of hybridization. 
The membrane potential changed as the hybridization proceeded, and plateaued about 2 hours after initiation 
of reaction. Thus, when using the electrode inomobllized with the nucleic acid probe via the membrane, the gene 

10 can be detected while monitoring the hybridization reaction. As a result, the Intended gene could be detected 
in the order of pg. 

Example 15: Gene detection using electrode immobilized with nucleic acid probe and blocked by synthetic 
oligonucleotide 

a. Preparation of electrode immobilized with nucleic acid probe 

15 (6-aminohexyl) dATP was introduced at 3' tenminal into synthetic oligonucleotide probe (20 mer) 

against to a carcinogenic gene v-myc using tenminal deoxynudotldyl transferase. 
On the other hand, BPPG electrDde was subjected to electrolysis at 2.2 V in a solution containing 10% 
nitric acid and 2.5% potassium chromate to oxidize the surface of the electrode. The electrode whose sur- 
face had been oxidized was then placed in a refluxed solution of 10% gamma-APTES in aniline at 120X 

20 for 30 minutes to effect silane treatment After the silane-treated electrode was washed with methanol, it 
was reacted in 1% glutaraldehyde sotutton for 30 minutes, and then washed again. 
This electrode was reacted In a solution containing 1 fig/md of the probe to which amino group had been 
introduced at a room temperature for 30 minutes, whereby producing an electrode inrtmobilized with the 
nudeic acid probe. 

25 This electrode was immersed in a solution of synthetic nudeob'de (20 mer) to adsorb the synthetic nuc- 
leotide on the surface of electrode. 

b. Gene detection using electrode imnriobilized with nudeic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 

30 98^C. The BPPG electrode immobOized with the nucleic acid probe produced in step a above was placed in 
the test sample, which was then incubated at 70°C to anneal Subsequently, an intercalating agent acridine 
orange which binds specifically to the double stranded nudeic acid and has electrode activity was added and 
then the electrode reaction was conducted, during which the oxidation-reduction cunrent generated was deter- 
mined to quantify v-myc contained in the test sample. 

35 As a result, v-myc could be detected in the order of pg. S/N ratio observed was h igher than that of the elec- 
trode whose surface was not blocked. 

Example 16: Amplification and detection of intended gene 

a. Amplification of intended gene 

As a test sample, pVM 623 (4.6 Kb) obtained by inserting v-myc fragment into Pst I site of pUC 119 
40 was employed. Linear pVM 623 was obtained by digesting with Hind III and then the concentration was 

adjusted to 1 femtomol (10-^^ mol). The sample was subjected to PCR using the condition shown below 

as one cyde and repeating the cyde 30 times to amplify 1 Kb fragment of v-myc. 

Denaturation : 94''C for 1 minute 

Primer annealing : 55''C for 1 minute 
45 DHA elongation : 72*»C for 1 minute 

b. Gene detection using electrode immobilized with nudeic acid probe 

The sample amplified by PCR was thenmally denaturated at 98**C and BPPG electrode immobilized with 
nudeic add probe was placed in the sample, which was then incubated at 70°C for 15 minutes to effect anne- 
aling. During this procedure, acridine orange, an intercalating agent which has specificity to the double stranded 
50 nudeic acid and has the electrode activity, was added to the sample. Subsequently, the electrode reaction was 
conducted while determining the oxidation-reduction current generated to quantify v-myc contained in the 
sample. As a result, the presence of v-myc could be confirmed. 

Reference Example 4: Amplification and detection of intended gene 
a. Amplification of intended g ne 
55 As a test sample, pVM 623 (4.6 Kb) obtained by inserting v-myc firagm nt into Pst I site of pUC 119 

was employed. Linear pVM 623 was obtained by digesting with Hind III and then the concentration was 
adjust d to 1 f mtomol (10-15 mol). Th sampi was subj cted t PCR using th condition sh wn b low 
as ne cyde and repeating the cyde 30 tim s to amplify 1 Kb s gm nt of v-myc. 
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D naturation : 94°C f r 1 minute 

Primer annealing : 55°C for 1 minute 

DMA longation : 72°C for 1 minute 

The primer was previously lab led with biotin pri r to use. 
5 b. Gene detection using optical fiber immobilized with nucleic acid probe 

The sample obtained by PGR was thenmally denaturated at 98°C and the optical fiber immobilized with nuc- 
leic acid probe was placed In the sample, which was then incubated at 70°C for 15 minutes to effect annealing. 
Subsequently, avidin-iabeited horse radish peroxidase was reacted and the fiber was washed. After adding 
luminescence substrate luminol, H2O2 and enhancer, the luminescence was detected via the optical fiber. As 
10 a result, the presence of v-myc was confirmed. 

Example 17: Gene detection while Inhibiting non-specific adsorption of nucleic acid to electrode immobi- 
lized with nudeic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc firagment into Pst I site of pUC 1 19 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
IS 98''C. The BPPG electrode immobilized with the nucleic acid probe was placed in the test sample, which was 
incubated at 70^0 to effect annealing. After annealing, -1.5 V (vs SCE) potential was applied to the electrode 
to remove DMA adsorbing the electrode surface non-specifically and physically. 

Then acrldine orange, an intercalating agent which has specificity to the double stianded DNA and has elec- 
trode activity, was added and then the electrode reaction was conducted. The oxidation-reduction current gen- 
20 erated was determined to quantify v-myc contained in the sample. As a result, v-myc could be detected in the 
order of pg at an improved S/N ratio when compared with conventional results. 

Example 18: Gene detection while inhibiting non-specific adsorption of nucleic acid to electrode immobi- 
lized with nudeic acid probe 

As a test sample, pVM 623 obtained by inserting v-fpyc fragment into Pst I site of pUC 1 1 9 was employed. 
25 Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98''C. BPPG electrode immobilized with the nudeic acid probe (20 mer) having 50% homology to v-myc and 
BPPG electrode immobilized wiUi the nudeic acid probe against to v-myc were placed In the test sample, which 
was incubated at 70°C to effect annealing. 

Then acridine orange, an intercalating agent which has specificity to the double stranded DHA and has 
30 electrode activity, was added and then the electrode reaction was conducted. The oxidation-reduction current 
generated was determined to quantify v-myc contained in the sample. 

After this electrode reaction, -1 .0 V (vs SCE) potential was applied to the electrode to remove the nudeic 
acid having less homology. After that acridine orange was added similarly as above and then the electrode 
reaction was conducted while determining the oxidation-reduction cunBnt generated. The results Indicated that 
35 the oxidation-reduction current detected from the intercalating agent when using the prove having 50% homol- 
ogy was about 50% of ttiat observed when using the prove having 1 00% homology. Accordingly, it was darified 
tiiat variant genes can be detected by using tills method. 

Reference Example 5: Extraction of nudeic acid using carrier immobilized with double stranded nucleic 
acid recognizing substance 

40 In tills example, a magnetite particle having particle size of 10 ^m as a canrier and aminoacridine as a dou- 
ble stranded nudeic acid recognizing substance were employed. 

First, the magnetite partides were washed thoroughly with PBS and placed In a refluxed solution of 10% 
3-aminopropyl triethoxysilane in toluene at 120°C for 2 hours, and then washed with methanol. Subsequentiy, 
1% glutaraldehyde solution was reacted with the partides to which then aminoacridine was immobilized. 
45 Human leukocyte was used as a test sample. The leukocytes and the magnetic particles immobilized with 
aminoacridine were admixed In a plastic vessel, whteh was agitated vigorously by vortex mixer to effect botii 
of cell rupture and imnrK)biIization of the nudeic acid to the carrier at once. Subsequentiy, a magnet was used 
to apply a magnetic field extemally to the magnetite partk:les and thereby separate the partids, and the partides 
were washed ttirse times with 10 mM tris buffer solution containing 200 mM NaQ (pH 7.0). After washing, the 
50 particles were placed in 70% ethanot to elute the nucleic add. 

The nucleic acid obtained was subjected to electrophoresis on 1% agarose gel, thereby obtaining the nuc- 
leic acid fragments of 20 Kb or greater, which could be deaved with a restriction enzyme. The entire procedure 
could be completed within 1 hour. 

As detailed above, gene det ction using nudeic acid prob can be conducted conv ni ntiy within a r duced 
55 time period according t tii pres nt invention. Therefore, the present invention is extr mely useful as a meth d 
ford tecting a certain g n inth fields f gene diagnosis and g n ngin ring. 

The pres nt invention furih r provides a device tod tect a certain g n automatically using th gened t c- 
ton sensor menti n d above. 
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The gene d tection d vice according to the present inv ntion comprises: 

a gene d tection s nsor having a nucleic acid prob immobiliz dontoth surface of a carri r sensitive 
to physical Chang ; 

a tmasportation means t transport the g n det ction sens n 
5 a reaction vessel to store a saniple solution containing the gene sample denatured into a single stranded 

form, in the reaction vessel a double stranded nudeic acid being fonmed on the gene sensor by hybridization 
of the gene sample and the nucleic acid probe immobilized on the surface of the gene sensor; 
a temperature control means to control the temperature of the sample solution; 
a washing means to remove unreacted gene sample by washing the gene sensor after hybridization of 
10 the nucleic acid probe with the gene sample; and, 

a detection vessel to store a double stranded nucleic acid recognizing substance, the double stranded 
nucleic acid recognizing substance being reacted witii the double stranded nucleic acid fomr^ed on the surface 
of the gene sensor in the detection vessel, whereby binding the double stranded nucleic acid recognizing sub- 
stance with the double stranded nucleic acid in order to detecta physical change generated by the bound double 
15 stranded nucleic recognizing substance. 

The gene sensor used in the present gene detection device may preferably be eitiier of the electrode or 
optical fiber immobilized with tiie nucleic acid probe as mentioned above. This gene sensor may further be 
imparted with the function of a stirrer by fonming It in the form of paddle or with the function of a temperature 
sensor. 

20 The physical change such as electrochemical or optical signal detected by the gene sensor were deter- 
mined directiy or via appropriate controller and then further analyzed by means of computer. 

In the reaction vessel, a sample solution containing the gene sample denaturated into a single strand was 
stored. As tiie sample solution, the coarse extract of the nucleic acid obtained by cell rupture may be used as 
it is or used after purificatbn. A sample solution preparating device capable of preparing such coarse or purified 

25 extract of the nucleic acid may be connected to the reactbn vessel and the sample solution prepared in situ 
from the test cells may be fed to the reaction vessel, whereby enabling full-automatic gene detection starting 
from the preparing the sample soulution from die test ceils. The sample solution preparing device may be, for 
example of a disposable cartridge type, which may be exchanged to a new cartridge after completion of the 
determination. By using the cartridge freely replacable, the sample solution can always be prepared in a dean 

30 condition without washing. 

The gene detection device according to the present invention may further be provided with a dissociation 
means by which double stranded nudeic acid formed on the surface of the gene sensor was dissociated into 
tiie nudeic acid probe immobilized on the gene sensor surface and the free single stranded gene sample which 
is removed to regenerate the gene sensor. Such dissociation means is quite desirable for tiie purpose of auto- 

35 mizing the detection device since the dissociation means enables the repetitive use of the gene sensor. The 
dissociation means useful for the present gene detection device are the treatments with heat, bases, acids, 
surfactants and ultrasonic wave as mentioned above. 

Furthermore, the present gene detection device may employ one or more gene sensors each imnnobilized 
with different nudeic acid probes. These gene sensors may be used at once to detemiine one or mors items, 

40 or some of the gene sensors may be designated for a certain choice of the items to be detected. 

A method of detecting the gene using tiie gene detection device of tiie present invention was described 
below with referring the figures. 

Fig. 1 shows a schematic view of an example of the automatic gene detection device according to tiie pre- 
sent invention. This device comprises three vessels, namely, reaction vessel 2, detection vessel 9 and dissoci- 

45 ation treatment vessel 11. Reaction vessel 2 is fitted in temperature controller 3 and connected to waste tank 
10, and is able to move in horizontal direction along witii rail 4. Reaction vessel 2 is connected to gene sample 
purification device 1 at a predetenmined position on rail 4. Gene sensor 5 Is fixed on transportating device 12, 
by which horizontal transportation to the position above each tank and vertical transportation into each tank 
are effected. As gene sensor 5, an electrode immobilized witii a nudeic acid probe is employed and the electric 

50 signals detected by this electrode is input via electric signal detection controller 6 to computer 7, by which the 
signals are analyzed. 

The method of detecting gene using this device is as follows. First, a test cells containing the nudeic acid 
to be detected is placed in gene sample purification device 1 , in which a test solution containing the gene sanv 
pies denaturated into single strands is pr pared. Th sampl solution thus prepared is fed to reaction vessel 
55 2, which is then transport d to the predetemnined position along with rail 4. After gen sensor 5 was horiz ntally 
transp rted to th positi n ab v reaction v ss I 2, it is transport d into reaction 2. After g n sensor 5 was 
immers d in the sample solution in reaction vessel 2, th t mperatur ofth sampl solution was appropriately 
controlled by temperature controller 3 and then the nucl icacid probe immobilized to tii surface of g ne sensor 
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5 and the gene sample contained in the sample soluti n are hybridized. After thee mpleti n f hybridazation, 
g ne sensor 5 is taken from the sample solution and washed with fluid fed from washing fluid vessel 8 to rem v 
unreacted nucleic acid prob , and then the s hs r is horizontally transported t the position above detection 
vessel 9. Aft r renrraving g ne sensor 5, r action vess I 2 is transport d again to the position connecting to 

5 gene sample purification device 1, and the sample solution contained is discharged to the waste tank. Gene 
sensor 5 transported to the position above detection vessel 9 is then transported into detection vessel 9. In 
detection vessel 9, a solution containing a double stranded nucleic acid recognizing substance is stored, and 
the double stranded nucleic acid recognizing sut)stance recognizes and binds to the double stranded nucleic 
acid fomied on the surface of gene sensor 5 immersed in the solution. Electrochemical signal generated by 

10 the double stranded nucleic acid recognizing substance bound to the surface is detected by gene sensor 5 and 
controlled by electric signal detection controller 6 and then input to computer 7 for analysis. After detemnination, 
gene sensor 5 is renrK)ved from detection vessel 9 and transported into dissociation treatment vessel 11. In 
dissociation treatment vessel 1 1 , the double strands fonmed on the surface of gene sensor 5 is dissociated to 
regenerate gene sensor 5. 

IS Reaction vessel 2 mentioned above may not necessarily be single, and combination of one or more small 
vessels 13 may also be employed as shown in Fig. 2. By using such one or more snrtall vessels and one or 
more gene sensors 5, one or more samples can be determined at once. In such case, independent small tanks 
13 may also be combined with the same number of gene sample purification devices 1 to prepare a plurality 
of samples at once, whereby enhancing the efficiency of the detennlnation. 

20 The determination can also be conducted without removing unreacted nucleic acid samples and double 
stranded nudeic acid recognizing substances, in such case, there is no need to provide washing fluid tank 8 
and detection vessel 9, and the entire procedure through determination can be conducted in reaction vessel 
2. 

Furthennore, reaction vessel 2 may be a disposable reaction cell provided with a carrier immobilized with 

25 the nucleic acid probe on its bottom or side surface. The immobilized carrier useful may preferably be an elec- 
trode Immobilized with a nucleic acid probe in view of the connection to the detection device body, although 
any other immobilized carrier listed above can be used. It is also preferable to set the immobilized carrier such 
a manner that It can be separated from the reaction cell for the purpose of repetitive use. 

The gene detection using this reactk)n cell is conducted as follows. First, a sample solution containing the 

30 nudeic acid to be detected is placed in the reactbn cell, which is heated to denaturate the nucleic acid to the 
single strand. Annealing is then conducted at a temperature selected suitably depending on the probe employed 
to fonm the double strand. The double stranded nucleic acid recognizing substance was added and the signal 
generated directly or indirectly is determined via the carrier provided in the reaction cell. In such case, it is not 
required to use the gene sensor mentioned above. 

35 The reaction cell is separated from the detection device and discarded after every determination. Therefore, 
the gene detection highly reliable without cross-contamination or canry-over of the samples. In addition, the 
detemniantion can be conducted more simply within a short period since there is no need to wash the cell. 

As shown in Fig. 3, temperature controller 3 which controls the temperature of reaction vessel 2 has ther- 
mostat bath 21, controller 22 to control the temperature of themnostat bath 21, and temperature sensor 23 to 

40 detemrtine the temperature of the sample solution. In Fig. 3, reaction vessel 2 provided in thenmostat bath 21 
consists of one or more small vessel 13 mentioned above. One of small vessels 13 contains a buffer solution 
having the composition same as that of a solution used in the sample solution, and temperature sensor 23 is 
inserted the buffer solution. The temperature of the buffer solution is determined as the temperature of the 
sample solution. Temperature sensor 23 is connected to controller 22, and it determines the temperature of 

45 the buffer solutbn in reactbn vessel 2 and sends the data to controller 22. After receiving the temperature data 
from temperature sensor 23, controller 22 calculate and processes the data and then control the temperature 
of thermostat bath 21 to maintain the temperature of the sample solution at a certain constant level. This tenv 
perature control is preferably conducted within the range of ±0.5°C. 

An example of the automatic gene detection device utilizing electrochemiluminescence is described below. 

50 Fig. 4 shows a schematic view of an automatic gene detection device utilizing electrochemiluminescence. 
This device Is provided with reaction cell 32 having the functions of both of reaction and detection vessels in 
the detection device shown in Fig. 1 and washing vessel 42. As mentioned above, it Is not required to provide 
a reaction vessel or detection vessel separately since the detemiinatlon can be conducted without removing 
unreacted nudeic acid probe or unreacted intercalating agent when using et ctroch miiumlnescence. On th 

55 bottom surface of reacti n cell 32, electrod 33 immobilized with a nudeic acid probe is provid d. SimQariyas 
In the reaction vessel of the d t cti n devic sh wn in Fig. 1 , r action ceil 32 is frtt d to t mperature controller 
34. Th reacti n cell is transported horizontally along with rail 35 and conn ct d t g ne sample puriftcati n 
d vice 31 at a predet miined position of rail 35. R f rence I ctrod 36 is fix d to transporting device 12 
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together with the tip of optical fiber 37. By transporting device 12, reference lectrod 36 and optical fiber 37 
are h riz ntally transported and vertically transported Int each vess I. R f rence el ctrode 36 Is connected 
to functbngenerator/jx)tentlostat 38 together with I ctrode 33 Immobiliz dwithnud Icacidprdb .Th pot n- 
tial to be applied t these electrodes ts appropriately calculated by computer 39. The tectrochemiluminescence 

5 generated on the surface of electrode 33 immobilized with nucleic acid probe is sent via optical fiber 37 to photo- 
muitipiier 40 for amplification and then counted by photocounter 41 . The results of the determination are input 
to computer 39 for analysis. 

The gene detection using this device is conducted as follows. First, similarly as in the case of the device 
shown in Figure 1 , the test cells containing the nucleic acid to be detected are placed in gene sample purification 

10 device 31 and processed into a sample solution containing the gene sample denaturated to the single strand. 
The solution Is then transferred to reaction cell 32. Then, the temperature of the sample solution Is controlled 
appropriately by temperature controller 34 and the nucleic acid Immobilized on the surface of electrode 33 is 
hybridized with the gene sample in the sample solution. During this procedure, an intercalating agent capable 
of generating electrochemiluminescence Is added to the sample solution. Altematively, the intercalating agent 

15 may be added to the test solution prior to the hybridization. Subsequently, reaction cell 32 is transported along 
with rail 35 to a predetermined position and reference electrode 36 and optical fiber 37 are transported into 
reaction cell 32 to immerse in the sample solution. Then potential is applied between reference electrode 36 
and electrode 33 imnK)bilized with the nucleic acid provided in reaction cell 32 to generate electrochemi- 
luminescence. The light caused by the electrochemiluminescence Is brought via optical fiber 37 to photomul- 

20 tiplier 40 for amplification followed by counting by photocounter 41. The results of the determination are input 
to computer 39 for analysis. After determination, reference electrode 36 and optical fiber 37 are removed from 
reaction cell 32 and transferred to washing vessel 42 for washing. 

Example 19: Gene detection using gene detection device provided with electrode immobilized with nucleic 
acid probe 

25 The automatic gene detection device shown in Fig. 1 was used to detect the gene. As a test sample, pVM 
623 obtained by Inserting v-myc fragment into Pst 1 site of pUC 119 was employed. Linear pVM 623 was 
obtained by digesting with Hind III and then was subjected to the thermal denaturation at 98''C. The electrode 
immobilized with the nucleic acid probe was placed in the test sample, which was incubated for 15 minutes at 
70''C to effect annealing. During this procedure, acrid ine orange, an intercalating agent which has specificity 

30 to the double stranded DNA and is electrochemically active, was added. 

After the annealing, the electrode reaction was effected while detenmining the oxidation-reduction current 
produced to qunntify v-myc contained in the test sample. As a result, v-myc could be detected in pg order. The 
entire procedure could be conducted within 1 hour. 

Example 20: Gene detection using gene detection device provided with optical fiber immobilized with nuc- 

35 ieic acid probe 

The gene was detected using the automatic gene detection device shown in Fig. 1 except for replacing 
gene sensor 5 and electric signal detection controller 6 with optical fiber and fluorescence detector, respect- 
ively. As a test sample pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 19 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 

40 98''C. The optical fiber immobilized with the nucleic acid probe was placed in the test sample, which was incu- 
bated for 1 5 minutes at 70''C to effect annealing. During this procedure, acridine orange, an intercalating agent 
which has specificity to the double stranded DNA and is electrochemically acth^e, was added. 

After the annealing, the electrode reaction was effected while determining the oxidation-reduction current 
produced to quantify vHfnyc contained in the test sample. As a result, v-myc could be detected in pg order. The 

45 entire procedure could be conducted automatically within 1 hour. 

Reference Example 6: Gene detection using gene detection device provided with electrode immobilized 
with nucleic acid probe utilizing electrochemiluminescence 

The gene was detected by using the automatic gene detection device shown in Fig. 4. As a test sample, 
DNA derived from human peripheral blood admixed with pVM 623 obtained by inserting v-myc fragment into 

50 Pst I site of pUC 119 and digested with Hind III to make it linear was employed. A reaction cell provided on its 
bottom surfece with a BPPG electrode immobilized with nucleic acid probe was prepared, and then the sample 
was added to this reaction cell and thermally denaturated for 5 minutes at 98°C. The sample was incubated 
for 1 5 minutes at 70*^0 to effect annealing. During annealing, lucigenin which has specificity to the double stran- 
ded DNA and capabi of generating el ctrochemilumin sc nc was added. 

55 After the annealing, the electrochemical reaction was effected while counting the luminescent light by a 
photo-count r. As a result, v-myc could b d tect dinpg rder.Th ntireproc dure could b conducted within 
1 hour. 

ExampI 21: Gen detection using disposabi reaction cell provided with electrod immoblliz d with nuc- 
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ieic acid probe 

a. Preparation of reaction cell provided with lectrode inrtmobilized with nucleic acid prob 

(6-amin h xyl) dATP was introduced to carcinogenic gene v-myc (1 .5 Kb) previously at 3' temiinai 
using terminal de xynud tidy! transferas . 

5 As an electrode to be immobilized with the nucleic acid, a Pt electrode was employed. First, the Pt electrode 

was heated at 15G''C for 12 hours to oxidize the surface of the eteoirode. The electrode was placed in a 
refluxed solution of 10% gamma-aminopropyl triethoxy silane In aniline at 120''C for 30 minutes to effect 
silane treatment and then washed. The electrode was reacted further in 1% glutaraldehyde solution for 30 
minutes and then washed. Subsequently, the electrode was reacted in a solution containing 1 ^g/mf v-myc 

10 having amino group introduced at a room temperature for 30 minutes, whereby producing an electrode 
imnnobitized with the nucleic acid probe. Then a reaction cell (5 x 5 x 10 mm) provided on its bottom surface 
with the electrode immobilized with the nucleic acid probe was prepared. 

b. Gene detection using reaction ceil provided with electrode immobilized with nucleic acid probe 

As a test sample, the fragment obtained by digesting pVM 623 (4.6 Kb) obtained by inserting v-myc frag- 
15 ment into Pst I site of pUC 119 with Hind III was employed. A solution containing the segment was placed in 
the reaction cell produced in step a, and subjected to thermal denaturation at QS^'C for 5 minutes followed by 
annealing at 72°C for 30 minutes. After reaction, tris (1,10-phenanthroline) osmium was added to the reaction 
cell and the electrochemiluminescence caused by applying potential to the electrode was determined. As a 
result, v-myc could be determined in the order of pg. 
20 Example 22: Gene detection using disposable reaction cell provided with electrode immobilized with nuc- 
leic acid probe 

a. Preparation of reaction cell provided with electrode immobilized with nucleic acid probe 

(6-aminohexyl) dATP was introduced to carcinogenic gene v-myc (1 .5 Kb) previously at 3' terminal 
using terminal deoxynuclotidyl transferase. 

25 As an electrode to be immobilized with the nucleic acid, BPPG electrode was used. First, this BPPG elec- 
trode was electrolyzed in a solution containing 10% nitric acid and 2.5% potassium chromate at 2.2 V to 
oxidize the surface of the electrode. The electrode was placed in a refluxed solutbn of 10% gamma-ami- 
nopropyl triethoxy silane in aniline at 120''C for 30 minutes to effect silane treatment and then washed with 
methanol. The electrode was reacted further in 1% glutaraldehyde solution for 30 and then washed. Sub- 

30 sequently, the electrode was reacted in a solution containing 1 ^g/mf v-myc having amino group introduced 
at a room temperature for 30 minutes, whereby producing an electrode immobilized with the nucleic acid 
probe. Then a reaction cell (5x5x10 mm) provided on its bottom surface with the electrode Immobilized 
with the nucleic acid probe was prepared. 

b. Gene detection using reaction cell provided with electrode immobilized with nucleic acid probe. 

35 As a test sample, the fragment obtained by digesting pVM 623 (4.6 Kb) obtained by inserting v-myc frag- 
ment into Pst I site of pUC 119 with Hind III was employed. A solution containing the fragment was placed in 
the reaction celt produced in step a, and subjected to thermal denaturation at DS^'C for 5 minutes followed by 
annealing at 72X for 30 minutes. After reaction, tris (1,10-phenanthroline) cobalt was added to the reaction 
cell and the oxidation-reduction potential was determined by cyclic voltammetry. As a result, v-myc could be 
40 determined in the order of pg. 

As detailed described above, by using the automatic gene detection device according to the present inven- 
tion, the gene can be detected automatically by the methods mentioned above. Therefore, the gene can be 
detected more simply within a short period. 

In the detection method described at>ove, for the purpose of providing a gene detection method capable 
45 of detecting the presence of an intended gene more safely and conveniently within a shorter period, the carriers 
such as an electrode or optical fiber which can detect a physical change such as electrochemical or optical 
signal generated from an intercalating agent is immobilized with the nucleic acid probe to use as a gene sensor. 
This purpose can also be achieved by using particles immobilized with the nucleic acid probe on the surface 
of the particles instead of the carrier immobilized with the nucleic acid probe. Thus, on the surface of the par- 
50 tides, the nudeic acid probe is hybridized with the gene sample to fonm the double strand, to which 
electrochemically or optically active double stranded nudeic acid recognizing substance is bound, and then 
the double stranded nudeic acid recognizing substance is detected electrochemically or optically by a detector. 

The partides to be immobilized with the nudeic acid probe may be, but are not limited to, latex beads, polys- 
tyren beads, glass beads, magn ticpartid sandth like. The diam terofth partici mpl y d is preferably 
55 within the range from 100 A to 1 mm. 

0th r conditions ar similar t thos in cases of using th carri r such as th lectrode or optical fib r 
immobiliz d with the nud ic acid prob as m ntioned abov . 

Similariy, afilt r immobilized with the nuci ic acid prob nth filter surface may also b mploy dtod tect 
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the gen . In such case, th useful filters may b any fflters as long as they d n t change th ir nature at I ast 
at lOO^'Q such as, for xannple, th se filters generally used In DNA southern blotting such as nitrocellulos 
filt rsand nyl n filters. For immobiiizati n fth nud ic acid probe nto those filters, th m thodsni nti ned 
above for imnrtobilizatl n f th nudeic acid to a carrier can be applied as th y are. 
5 Gene detection using the filter invnobilized with the nudeic acid probe can be conducted as follows. 

Fi.'^t, a nudeic acid is extracted from a test sa.nr!p!e such as peripheral venous blood or various organ c-eiis 
according to a standard method and purified if necessary. Then a hybridization reaction solution containing the 
nudeic acid sample obtained is prepared and the reaction solution is applied to the multiple-layer filter device 
consisting of one or more filters Induding the filter immobilized with the nudeic acid probe, and the sample is 
10 permeated into the filter device. A double stranded nucleic acid recognizing substance, especially such a double 
stranded nucleic add recognizing substance that indicates optical activity itself orvia other substance, has pre- 
viously been contained in the hybridization reaction solution. After the reaction solution is suffidently per- 
meated, the nucleic acid is thermally denaturated at 95°C into a single strand, which is then hybridized with 
the nucleic add probe immobilized on the fQter surface by further heating at 37 to 72^0, After reaction, the filter 
15 immobilized with the nucleic acid probe is removed from the filter device and then washed. When the intended 
gene is present in the nucleic acid sample, a double strand is formed on the filter immobOized with the nucleic . 
acid probe and this double stranded nudeic add is bound to the double stranded nudeic acid recognizing sub- 
stance. This double stranded nucleic acid recogntzing substance causes the change in signal, which is deter- 
mined to quantify the intended gene. Thus, when the double stranded nudeic acid recognizing substance has 
20 optical activity, then the change In optical signal such as luminescence, fluorescence, reflection, fluorescence 
polarization, quenching, circular dichroism and the like. 

While the intended gene bound to the nudeic acid probe immobilized on the carrier is detected using the 
double stranded nudeic acid recognizing substance in the detection method described above, the gene can 
also be detected without using the double stranded nucleic add recognizing substance by labeling the intended 
25 gene itself. For this purpose, the intended gene in the test sample is amplified as a pretreatmentfor the detection 
while labeling the primer used for ampliftcation or starting nudeotide with a label such as electrode-active sub- 
stance or optically active substance as mentioned above. By this step, the label is introduced into the gene 
which has been amplified, resulting in the intended gene which has itself been labeled. The label useful for this 
purpose may not be particularly limited, and any substance listed above as a label capable of further binding 
30 to a biopolymer and an intercalating agent nnay be used. 

The detection of the gene which has itself been labeled can be conducted similariy as in the detection 
method mentioned above except for using no double stranded nudeic acid recognizing substance. 

Furthermore, the second probe in addition to tiie first probe which is immobilized on the canrier may be 
used to conduct "sandwich" hybridization, whereby detecting tiie intended gene without using the double stran- 
35 ded nucleic acid recognizing substance. Thus, the first hybridization is conducted between the first probe 
immobilized on the carrier and the intended gene, and then the second probe labeled is added to conduct the 
second hybridization witti tiie intended gene bound to the first probe followed by tiie detection of tiie signal from 
the label of the second probe. 

The second probe useful may any nudeic acid having the base sequence complementary to the intended 
40 gene to be detected. When the intended gene has one or more base sequences complementary to the first 
probe then the first probe can be used as tiie second probe. 

The label to be used to label the second probe may not particulariy be limited, and the substances listed 
above as the labels capable of binding further to a biopolymer and an intercalating agent may be used. 

In tills gene detection method, the process to the step of hybridization of tiie first probe immobilized on the 
45 carrier with the intended gene may be similar to that in the detection method using the double stranded nudeic 
acid recognizing substance as mentioned above. After the first probe is bound to the Intended gene, the second 
probe is added instead of the double stranded nudeic acid recognizing substance, and then the second hyb- 
ridization is conducted under the condition similar to that of the first hybridization. The second probe may also 
be added before the first hybridization. After the completion of the second hybridization, the gene is detected 
50 by a suitable metiiod depending on the label introduced to the second probe. Specifically, the method of detect- 
ing tiie double stranded nudeic acid recognizing substance bound to the double strand can be used as it is. 

Most of the genetic diseases ana developed when a particular base sequence is defected or combination 
of a plurality of particular base sequences are presented in a gene. Thus, most of the genetic diseases can 
n t be identified directiy by using th nudeic acid prob . Accordingly, most of th diseases are n w id ntified 
55 by using restriction fragments length polymorphism (RFLP) analysis. This RFLP m thod involves an analysis 
of th pattern of DNAfiBgm nts and thus requires th proc dure of s parating th DNA fragments. Pres ntiy, 
th s paration of DNA fragments mploys only electrophoresis which involves the probl mofcomplicat d pro- 
cedures and a long time p riod for the d tenminati n. 
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Such analysis of the pattern of DMA fragments can be conducted conveniently within a short period by using 
th gene detection method of th present inv nti ninth procedure describ db low. 

First DMA is xtracted from a biological material and then digest d with an appropriate restriction enzym . 
The restriction nzym useful is n t particularly limit d and any enzyme g neralty used in RFLP may be 
5 employed. Examples of the useful restriction enzyme are AccI, Aval, BamHI, EcoRI. Hind, Hndlll and Pst I. 

The DNA fragments obtained are then separated based on moiecuiar weights by column chromatography, 
high performance liquid chromatography (HPLC), for example, FPLC (manufactured by PHARMACIA Co. Ltd.). 
capillary electrophoresis, gel electrophoresis and the like. DNA fragment may also be separated after denatu- 
rated by, for example, heating at 90 to Qd^'C. 
10 Then DNA fragments separated based on molecular weights are hybridized with the nucleic acid probe 
immobilized onto the carrier. This hybridization may be conducted in a flow system of a constant flow rate or 
in a series of fractions having the same volume. 

When the hybridization is conducted in the flow system, the conditions such as temperature and pH of mov- 
ing phase are suitably selected depending on the hybridization reaction. The composition of the moving phase 
15 is not particulariy limited although a salt concentration of about 0 to 1 M, pH of the neutral region, and a tem- 
perature within the range from 37 to 72''C are preferred. While it is desirable to add the double stranded nucleic 
acid recognizing substance previously to the sample solution, it is also acceptable that a carrier having the dou- 
ble strands fonned on the surface is placed in a solution containing the double stranded nucleic acid recognizing 
substance. As a double stranded nucleic add recognizing substance, any of those listed above may be 
20 employed. In the flow system, the time period (retention time) between the introduction of the sample solution 
and the generation of the direct or indirect signal from the double, stranded nudeic add recognizing substance 
is determined. The pattern of DNA fragments based on, for example, RFLP can be obtained. 

When the hybridization is conducted after obtaining the fractions, each fraction is subjected to the hybri- 
dization with the nudeic acid probe imnrabilized to the carrier and then the double stranded nudeic acid rec- 
25 ognizing substance is added to the fraction to determine the direct or indirect signal from the double stranded 
nudeic acid recognizing substance. From the fraction number of the fraction in which the signal is obtained, 
the pattern of DNA fragments based on, for example, RFLP can be obtained. 

Although the present invention is a method to detect the presence of a gene having a particular base sequ- 
ence as mentioned above, the present method can further enable the separation of the gene having the par- 
30 ticular base sequence. Specifically, since in the detection method mentioned above the intended gene is 
immobilized to a carrier by means of hybridization with the nudeic acid probe, the intended gene can be sepa- 
rated from the test sample only by removing the carrier from the test sample. Accordingly, the intended gene 
can exdusively separated by dissociating the Intended gene from the canier by an appropriate means after 
removing the substrate. 

35 More specifically, this gene separation can be performed by first hybridizing the nudeic acid probe imnrrabi- 
lized on the carrier gene surface with the intended gene to form a double stranded nucleic acid, to which then 
the double stranded nudeic add recognizing substance added before or after hybridization is t)ound, and then 
by detec^ng the signal from the double stranded nudeic add recognizing substance bound to the double stran- 
ded nudeic acid to confirm the presence of the Intended gene. Then the carrier on which the presence of the 
40 intended gene has been confinmed is removed from the test sample to separate the intended gene from the 
test sample, and then by means of thermal or alkaline denaturation the intended gene is dissociated from the 
carrier. In this gene separation method, the procedure to the step of detecting the intended gene contained in 
the test sample is similar to that In the gene detection method mentioned above. 

To dissociate the intended gene from the carrier, the carrier may be heated at a temperature of gs^'C or 
45 higher in a buffer solutk>n or may be exposed to an alkaline condition using for example sodium hydroxide. By 
this procedure, the intended gene is separated in a form of a single strand. 

The gene thus obtained is converted to a double strand by synthesizing a complementary chain using an 
enzyme. The yield may be increased by amplification using an enzyme. Especially by PCR method, the yield 
can be increased while fomning a double strand at a same time. By forming a double strand which is then incor- 
50 porated via a linker into a vector, the intended gene can be doned efficiently and easily. 

Reference Example 7: Gene detection using latex beads Immobilized with nucleic acid probe 
a. Introduction of amino group into nudeic acid probe 

(6-aminohexyl) dATP was introduced to a cardnogenic gene v-myc at its 3' tenminal by using ter- 
minal d oxynuci otkJyl transf ras . 
55 b. Immobilization of nud ic ackJ probe t latex b ads 

AsingI stranded nud icacidprob was immobOized to th lat xb adsofth partici siz of 1 ^musing 
dicydohexylcari^odiimide as a crossllnking agent. Th latex beads immobilized with tii nudeic acid probe was 
heated at 98''C in a solution of the sample (c ntaining v-myc) to ffect th nmal denaturatbn followed by hyt>- 
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ridization at 72*^C for 15 minutes. Acridine orang solution was added to this s lution, which was th n allow d 
to stand for 1 minute. After washing at 72°C with washing fluid (2 x SSC, 0.1% SDS), int nsity of flu rescent 
light was d t rmined In a phosphate buffer solution. As a result, the gene could be detected in th rder of pg. 
R ference Example 8: Gene detection using lat x beads immobilized with nucleic acid probe 
5 a. Introduction of amino group into nucleic acid probe 

(6-aminohexy) dATP was Introduced to a carcinogenic gene y-myc at its 3' terminal by using terminal 
deoxynudeotidyl transferase, 
b. Immobilation of nucleic acid probe to latex beads 

A single stranded nucleic acid probe was Immobilized to the latex beads having the particle size of 1 ^m 
10 using dicyclohexylcarbodlimide as a crosslinking agent The latex beads immobilized with the nucleic acid 
probe was heated at 98''C in a solution of the sample (containing vHmyc) to effect thermal denaturation followed 
by hybridization at 72^C for 15 minutes. Acridine orange solution was added to this solution (final concentration 
of 1 which was then allowed to stand for 1 minute. Then the oxidation-reduction current of the intercalating 
agent in the solution was determined. As a result, the gene could be detected in the order of pg. 
15 Reference Example 9: Gene detection using filter immbolized with nucleic acid probe 

As a nucleic acid probe, a carcinogenic gene v-myc was selected. This v-myc was bound to aminoacridine 
via glutaraldehyde and the further immobilized to PVDF nylon filter by UV irradiation. After immobilization of 
the nucleic acid probe, non-specific adsorption to the filter surface was suppressed by treatment with 1 mg/mf 
ATP solution. 

20 The sample solution containing v-myc was heated at 98''C to effect the thermal denaturation. followed by 
hybridization with the nucleic acid probe imnrK)bilized to the filter surface at 72''C for 15 minute. After reaction, 
the filter was washed at 72''C (2 x SSC. 0.1% SDS) and the change in adsorbance on the surface of the filter 
was detemriined. 

In the case that the intended gene was present in the sample, reduction in absorbance was observed. As 
25 a result of the determination, the gene could be detected in the order over 10 pg. 

After the similar treatment, the change in intensity of fluorescent light on the filter surface was also deter- 
mined. As a result, in the cases that the intended gene was present in the sample, increase in intensity of 
fluorescent light was ot»served. As a result of the detenmination, the gene could be detected in the order over 
10 pg. 

30 Reference Example 10: Gene detection utilizing sandwich hybridization 

a. Preparation of elecb'ode immobilized with first nucleic acid probe 

A synthetic oligonucleotide probe (20 mer) against to the carcinogenic gene v-myc was used as the 
first probe, to which (6-aminohexyt) dATP was introduced at 3' tenminal using terminal deoxynudeotidyl 
transferase. 

35 On the other hand, BPPG electrode was electrolyzed in a solution containing 10% nitric acid and 2.5% 
potassium chromate at 2.2 V to oxidize the surface. The electrode whose surface had been oxidized was 
then placed in a refluxed solution of 10% gamma-aminopropyltriethoxystlane in aniline at 120''G for 30 
minutes to effect silane treatment The electrode treated with silane was washed with methanol and reacted 
in 1% glutaraldehyde solution for 30 minutes, and then washed again. 

40 The electrode was reacted in a solution of 1 ^g/ml of the first probe to which amino group had been intro- 
duced at a room temperature for 30 minutes, whereby producing an electrode immobilized with the first 
nudeic acid probe. 

The electrode immobilized with the first nudeic acid probe thus obtained was immersed in a solution of 
nudeotides (dATP. dCTP, dGTP and dTTP) so that the nudeotides were adsorbed to the surface of the 
45 electrode to suppress non-specific adsorption of the sample DNA. 

b. Gene detection using second nudeic add probe 

A fragment of pVM 623 obtained by inserting v-myc fragment to Pst I site of pUG 119 was digested with 
Hind III. The fragment thus obtained was used as a test sample and Pst I fragment of pUC 119 was used as 
the second probe. The second probe was labeled with viologen. 
50 The test sample and the second probe were thermally denaturated at 98''C. The BPPG electrode imnrtobi- 
lized with the first probe prepared in step a was placed in a solution containing the test sample and the second 
probe, which was then incubated at 70°C to effect annealing. During the annealing, 0.1 Vof potential (vs. SCE) 
was applied to the electrode. After annealing, negative potential was applied to the electrode to remove the 
substance binding non-sp cifically to th I ctrode. The oxidation-reduction potential of violog nlab tedt th 
55 second probe was then determined to quantify v-myc contained in the test sample. As a result, v-myc could 
b d t cted in th order f pg. 

Example 23: Indirect gen det cti n by RFLP analysis using I ctrod immobilized with nud ic acid probe 
Using an electrod immobiliz dwithth nudeic acid prob , the individual id ntification by DNA fing rprint 
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method was conducted as follows. 

First, I ukocytes w re separated from human peripheral venous blood by d nsity gradient centrifugati n 
and DNA was xtracted according to a standard method. Then DMA obtained was digested with a restriction 
enzyme Ha III. 

5 On the other hand, Myo probe was immobilized to BPPG electrode to prepare an electrode immobilized 

with the nudeic acid probe, which was then fitted to the oudet of the column of high pressure liquid chromato- 
graph (HPLC). By loading the sample to HPLC, DNA including the sequence having homology to the probe 
immobilized to the electrode surface was supported temporarily on the electrode surface to form a double 
strand, to which then the double stranded nucleic acid recognizing substance such as an intercalating agent 
10 was bound, whereby enabling the detenmination of electrochemical signal from the double stranded nucleic acid 
recognizing substance. The signals obtained exhibit a specific pattem. By analyzing this pattern, the patterning 
of the sample can be conducted. 

By thenmally denaturating the fragment of DNA obtained as above at QS^'C to obtain a single strand, which 
was then subjected to HPLC together with a intercalating agent, acridine orange, to conduct the patteming of 
15 DNA. During chromatography, the column was maintained at 75^C. 

The results obteined indicated the discrete patterns by individuals subjected to the study. Accordingly, it 
was clearly indicated that individual identification is possible by the present gene detection method. 
Reference Example 11: Gene separation using electrode immobilized with nucleic acid probe 
A solution of chromosomal DNA (10 ^g/mf ) extracted from E. coil strain JM 109 admbced with of 1 ^g/mf 
20 digested pVM 623 (obteined by inserting v-myc to pUC 1 1 9) with Hind III was used as an experimentel model 
system. The sequence 5'-TGCAGTTCCGGTGGCTGATC-3' in v-myc was used as a probe for detection and 
separation. 

a. Preparation of BPPG electrode immobilized with nucleic acid probe 

BPPG electrode was electrolyzed in a solution of 2.5% potessium chromate and 10% nitric acid at 
25 2.2 V for 10 seconds to oxidize the surface. The electrode was placed in a refluxed solution of 1 0% gam- 
ma-am inoprpyltriethoxy siiane in toluene at 120**C for 30 minutes to effect silane treatment. By this treat- 
ment, amino group was Introduced to the electrode surface. Then the electrode was allowed to stend In 
1 /1 5 M phosphate buffer (pH 7.0) conteining 1 % gluteradldehyde for 1 hour at a room temperature to intro- 
duce aldehyde group. The synthetic primer mentioned above was prepared into a solution of 10 ^g/mf in 
30 10 mM phosphate buffer, in which the electrode treated with aldehyde was then placed and allowed to stend 
for 1 hour at a room temperature. In this step, the primer was immobilized on the electrode surface. 

b. Detection of Intended gene 

The BPPG electrode immobilized with the nudeic acid probe prepared in step a was placed in a solution 
of chromosomal DNA (10 ^g/mf ) extracted from E. coil strain JM 1 09 admbced with of 1 ^g/mf of pVM 623 
35 which had been converted to a linear form by using Hind III and was hybridized at 55°C. An intercalating 
agent, acridine orange, was added to obtein the concentration of 1 ^M and then the electrode response 
was detenmined. 

As a result, the peaks specific to acridine orange were obteined, indicating the formation of the double 
strands on the electrode surface. 
40 c. Separation of intended gene 

The electrode was removed from the sample solution and heated at 95*^0 in the buffer to dissodate the 
intended gene in a double strand form. Then 5'-TGCAGTTCCGGTGGCTGATC-3' and 5'-CGACTCGGAAGAA- 
GAACAAG-3' which were the fragmente in v-myc were used as the primers to conduct PGR. The length be- 
tween the base sequences complementary to the two primera is about 900 bp. The gene amplified by PGR 
45 was subjected to electrophoresis, in which the band corresponding to 900 bp was observed, whereby confinfning 
the separation of pVM 623 which was intended to be separated. 

As a control, the same procedure was token using pUC 118 as an intended gene and the base sequence 
in pUC 118 as a PGR primer, and no band was observed at the conresponding position. 

Example 24: Gene detection using electrode immobilized with nudeic acid probe and blocked by 
50 stearytamine 

a. Preparation of electrode inrvnobiiized with nucleic acid probe 

(6-aminohexyl) dATP was introduced at 3' temninal into synthetic oligonudeotide probe (20 mer) 
against to a cardnogenic gene v-myc using terminal deoxynudotidyl transferase. 
On the other hand, BPPG electrod was subj cted to electrolysis at 2.2 V in a solution conteining 10% 
55 nitric acid and 2.5% potessium chromate to oxidize the surface of the ei ctrode. The electrode whose sur- 
fac had be n oxidized was th n placed in a refluxed solution of 10% gamma-APTES in aniline at 120^ 
for 30 minutes t eff ct silan treatment After th silane-treated I cbx>d was wash d with m thand, it 
was reacted in 1% gluteraldehyd solution for 30 minutes, and th n wash d again. 
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This electrode was reacted in a solution containing 1 of the probe to which amin group had been 
introduced at a room temperatur for 30 minutes, whereby producing an electrod Immobiliz d with th 
nucleic acid probe. 

This lectrode was immersed in a stearytamlnes lutiontoads rbstearyamineonthesurfeceof lectrod , 
5 thereby a nonspecific adsorption of a sample was suppressed. 

b. Gene detection using electrode immobilized with nucleic acid probe 

As a test sample. pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 19 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
QS'^C. The BPPQ electrode immobflized with the nucleic acid probe produced in step a above was placed in 
10 the test sample, which was then incubated at ZO^'C to anneal Subsequently, an intercalating agent acridine 
orange which binds specifically to the double stranded nucleic acid and has electrode activity was added and 
then the electrode reaction was conducted, during which the oxidation-reduction current generated was deter- 
mined to quantify v-myc contained in the test sample. 

As a result, v-myc could be detected in the order of pg. S/N ratio observed was higher than that of the elec- 
ts trode whose surface was not blocked. 



Claims 

20 1. A gene detection method wherein a single stranded nucleic acid probe having a base sequence conrv 
plementary to the gene to be detected is reacted with a gene sample denatured into a single stranded 
form and then said nucleic acid probe hybridized with the gene is detected to confimn the presence of the 
gene, characterized in that 

said nucleic acid probe is immobilized onto a carrier sensitive to a physical change; 

25 a double stranded nucleic acid recognizing substance capable of binding specifically to a double 

stranded nucleic acid and being active physicochemically is added to the reaction system of said nucleic 
acid probe and the gene sample; and, 

the double stranded nucleic acid recognizing substance bound to the double stranded nucleic acid 
formed by conjugation of said nucleic acid probe and the gene to be detected is detected by means of 

30 physical determination using said carrier, whereby detecting the presence of said nucleic acid probe hyb- 

ridized with the gene to be detected. 

2. A method according to claim 1, wherein said carrier is an electrode and the detection of the gene to be 
detected Is performed by means of electrochemical detemnination using said carrier. 

35 

3. A method according to claim 2. wherein potential is applied to the electrode upon hybridization of the nuc- 
leic acid probe imnK)biltzed on the surface of the electrode and the gene sample denatured into a single 
stranded form. 

40 A, A method according to claim 2, wherein said double stranded nucleic acid recognizing substance Is an 
intercalating agent. 

5. A method according to daim 4, wherein said intercalating agent is a metal complex having as a center 
metal a metal capable of undergoing electrically reversible oxidation-reduction reaction and the oxidation- 

45 reduction potential of said metal is less than or is not covered by the oxidation-reduction potential of the 

nucleic acid. 

6. A method according to claim 2, wherein said double stranded nucleic acid recognizing substance is an 
intercalating agent to which one or more substances generating electric signals which can be detected 

50 by said electrode directiy or indirectiy are bound. 

7. A method according to claim 2, wherein said double stranded nucleic acid recognizing substance is a 
biopolymer capable of binding specifically to a double stranded nucleic acid. 

55 8. A method according to daim 2, wherein said nucleic acid probe is immobiliz dontoth el ctrodethr ugh 
an amino group introduced in said nud ic acid prob . 

9. Am thcKJ according to daim 2, wher in said nuci ic add prob is immobiliz d onto th lectrod through 
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a film. 

10. A method according to claim 2. wh r in said electrode is furtlier covered with sut)stances sel cted from 
the group consisting of nucleic acids, surfactants, fatty acids and fats. 

5 

11. A method according to claim 1, wherein said carrier is an optical fiber and the detection of the gene to be 
detected is performed by means of optical determination using said optica! fiber. 

12. A method according to daim 1 1 , wherein said double stranded nucleic acid recognizing substance is an 
10 intercalating agent. 

13. A method according to claim 11, wherein said double stranded nucleic acid recognizing substance is a 
biopolymer capable of binding specificatlly to a double stranded nucleic acid. 

15 14. A. method according to daim 1 1 , wherein said optical fiber is an optical fiber electrode and said intercalat- 
ing agent is a metal complex having as a center metal a metal capable of undergoing electrically reversible 
oxidization-reduction reaction, the oxidation-reduction potential of said metal being less than or being not 
covered by the oxidation-reduction potential of the nudeic acid, and the detection of the gene to be detec- 
ted is performed by means of optical detemriination using said optical fiber electrode. 

20 

15. A method according to daim 1 1 , wherein said double stranded nucleic acid recognizing substance is an 
intercalating agent to which one or more substances generating optical signals which can be detected by 
said optical fiber directly or indirectly are bound. 

25 16. A method according to claim 11, wherein said nudeic acid probe is immobilized onto the optical fiber 
through an amino group introduced in said nudeic acid probe. 

17. A method according to claim 11, wherein said optical fiber is further covered with substances selected 
form the group consisting of nudeic acid, surfactants, fatty acids and fats. 

30 

18. A gene detection device to detect a gene having a certain base sequence comprising: 

a gene detection sensor (5) having a nucleic acid probe immobilized onto the surface of a carrier 
sensitive to physical change; 

a transportation means (12) to transport the gene detection sensor (5); 
35 a reaction vessel (2) to store a sample solution containing the gene sample denatured Into a single 

stranded fonm, in said reaction vessel (2) a double stranded nucleic acid being fonmed on the gene sensor 
(5) by hybridization of the gene sample and the nudeic acid probe inrunobilized on the surface of the gene 
sensor (5); 

a temperature control means (3) to control the temperature of the sample solution; 
40 a washing means (8) to remove unreacted gene sample by washing the gene sensor (5) after hyb- 

ridization of the nucleic acid probe with the gene sample; and 

a detection vessel (9) to store a double stranded nudeic acid recognizing substance, the double 
stranded nudeic acid recognizing substance being reacted with the double stranded nudeic acid formed 
on the surface of the gene sensor (5) in said detection vessel (9), whereby binding the double stranded 
45 nudeic add recognizing substance with the double stranded nudeic acid in order to detect a physical 

change generated by the bound double stranded nudeic acid recognizing sut>stance. 

19. A device according to daim 1 8, further comprising a dissociation means (1 1) to dissociate the double stran- 
ded nudeic acid formed on the surface of the gene sensor (5) into the nudeic acid probe immobOized on 

50 the surface of the gene sensor (5) and the single stranded gene sample and to remove the gene sample, 

whereby regenerating the gene sensor (5). 
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